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Supercharging 
is back 


Once driven from favor by V8s and 
turbos, superchargers are making 
a comeback as car makers search 
for more power and better throttle 
response. Ford, Toyota, and Volks- 
wagen all have supercharged sports 


cars on the way. Page 66 


Birth of 
the Moon 


The 850 pounds of rocks brought 
to Earth by Apollo astronauts were 
supposed to resolve an old puzzle— 
the origin of the Moon. They didn't. 
Now there's a startling new solu- 
tion to the mystery. Page 60 


Coming: 
sharper TV 


Your next set may have a digital 
memory that lets you see details 
missing from today’s screens. And 
special receivers could let you 
switch from standard TV to super- 
sharp satellite pictures. Page 72 


Sneak peeks 
—'88 cars 


A Brazilian Volkswagen, a Korean 
Pontiac, a four-wheel-drive two- 
seater from Mercedes-Benz, and a 
new mid-size sedan from General 
Motors are just a few of the cars that 
will soon be rolling into U.S. show- 
rooms. Check them out in this col- 
orful gallery of spy photos. Page 70 
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S-10 MAXI-CAB 4X4. 

THE 4-MAN TASK FORCE ON WHEELS. 
When a pickup job calls for four workers, 
how do you get them there? Easy. In a 
Chevy S-10 Maxi-Cab with available seat- 
ing for four. Insta-Trac 4-wheel drive shifts 
from freewheeling 2-wheel 
drive to 4-wheel-drive 
High and back at any 
speed. No Ford or import 
can do that. And 
Insta-Trac is standard 
on every S-10 4x4. 

2 PLUS 2 PLUS ROOM. 
Order the available front bucket and rear 
jump seats for 2+2 room and 13.7 cu. ft. 
of lockup rear cargo space. 
2.8 V6 ADDS 125 HORSES 
TO 4-WHEELIN’ FUN. 
For maximum performance, put the 

pu available fuel-injected 2.8- 
Р т” liter V6 in your Maxi- 

{ IE Cab. Its hard-playing 
125 horses get the 
277... most out of your Insta- 

Trac 4WD, to make sure 
eee you get the most fun 
out of your truck. 

Chevy S-10 
Maxi-Cab 4x4 
with 2.8L V6. The Í— 
numbers all add > 
up to hard- | A 
working fun. : 
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Readers Talk Back 


Address letters for this column to: Readers Talk Back, Рок ая Science, 


Madison Ave. 


New York. N.Y. 10017. Because of the large 


volume of mail, we are unable to acknowledge unpublished letters. 


Death technology 


Carl Sagans article [“Voyager’s 
Triumph,” Oct. '86], exalting the be- 
nevolent technical accomplishments of 
some of our brightest and best scien- 
tists and engineers, is in stark con- 
trast and juxtaposition to the article 
in the same issue, "2lst-century 
Superfighters," describing what an- 
other group of our brightest and best 
are in the process of creating for 
America's military-industrial complex. 
The latter article illustrates the mon- 
strous distortion of values that seems 
to motivate the builders of bigger, 
better, and more efficient death tech- 
nology, making our planet a more dan- 
gerous place in which to live. As an 
engineer in private practice, I have re- 
fused numerous lucrative opportuni- 
ties to provide professional services to 
the military-industrial complex. I call 
upon my colleagues on the other side 
to search their souls and remember 
that they do have a choice. 
Robert R. Bullard, PE. 
President, Ahimsa Technic, Inc. 
South Daytona, Fla. 


More on ATF 


The article “21st-century Superfight- 
ers" [Oct. '86] does not address a major 
problem involving the advanced tech- 
nology fighters —EMP, or electromag- 
netic pulse. Can the defense contractors 
design computer systems resistant to 
EMP from nuclear bombs? The ATF will 
be so much multimillion-dollar junk 


if an atom bomb fries its electronics. 
E. J. Stephenson Jr., Tulsa, Okla. 


Steven Ashley replies: "An electromag- 
netic pulse is the powerful burst of elec- 
tromagnetic radiation released when 
a nuclear weapon is detonated. This 
radiation can induce uncontrolled 
surges of current in circuitry, causing 
them to malfunction. The Air Force 
says that the avionics on its composite 
aircraft are shielded from EMP in 
an undisclosed manner. One method 
might be to use avionics systems based 
on fluidics—the manipulation of flow- 
ing streams of fluids [PS, Feb. '85]. 
Another approach might be to develop 
optical computers and communication 
networks. T'hese systems use photons— 
which are unaffected by electromag- 
netic fields—as signal carriers." 


While the idea of new ATF superfight- 
ers for the US. Air Force sounds ex- 
citing, I’m afraid that most designers 
are ignoring one grave problem: Most 
of the designs I have seen regarding 
the ATF still need some sort of run- 
way to get the plane off the ground. 
Considering how exposed a whole 
airfield is to air attack, if the ATF 
ends up like Barry Bichler's drawing, 
it could be wiped out by the Soviet 
equivalent of the JP233 and Durandel 
airfield-denial weapons. Maybe the 
ATF designers should start looking at 
utilizing the plenum-combustion- 
chamber version of the 25-year-old 
Rolls-Royce Pegasus engine, making 
the ATF capable of operating from any 
flat space—forest clearings, super- 
highways, and carrier decks. 

Raymond Chuang, Sacramento, Calif. 


US. Air Force officials reply: "The en- 
gine reader Chuang is talking about 
doesn't have the capability we're look- 
ing for in the ATF. Although vertical- 
takeoff-and-land engines are available 
now (on the subsonic Harrier aircraft, 
for example), they are too heavy (due 
to extra exhaust nozzles) and use too 
much fuel to be practical for the new 
supersonic ATF. The ATF requires a 
takeoff distance of 2,000 feet, less than 
half of the 4,500 feet required by the 
F-15. The Air Force is also consider- 
ing a two-dimensional exhaust nozzle 
that can reverse thrust to allow even 
shorter landings.” 


Continued 
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ONE OF THE FEW ROAD MACHINES 
THAT PERFORMS AS WELL AS OURS. 


INTRODUCING SPECTRUM 2.” _ Under this unit's sleek exterior 
THE NEW STANDARD FOR HIGH lies the power of unprecedented 
PERFORMANCE RADAR DETECTORS. sensitivity. М 

What separates Spectrum 2 from 
all the rest, however, is its unique 
warning system. A combination of 
an audible alarm and a numeric dis- 
play—a readout between 1 and 9 that 
visually tells you when you have 
# _ locked onto police radar and just how 


a Cera you need to react. A photo- 


i / = 8 5 T E 
3 = ЇЇ automatically dims or brightens 
is display to make it easier to read 
any light. 
Spectrum 2 also bo: а micro- 
processor which reports a separate 
- warning for X and К bands, allows 


you to set your alarm's initial re- 
sponse level to avoid annoying false 
alarms, and controls many other 
functions—all with the mere touch of 
a single button. Or you can simply 
plug your unit in and drive. 

This is truly radar detection engi- 
neering at its finest. And Spectrum 2 
is backed by an exclusive 3 year war- 
ranty. The most comprehensive ever. 

For a free brochure or information 
on where to purchase Spectrum 2, 
call 1-800-531-0004. In Mass. call 
1-617-692-3000. In Canada call 

1-416-665-3332. 


SPECTRUM 2 


Readers Talk Back continua 


Tinkering in blue 


In your October 1986 article “Optical 
Strips Beam Images for Flat TV” you 
mention the use of a blue light- 
emitting diode. Stop the presses! Blue 
LEDs have long been sought by solid- 
state researchers and product design 
people; they would have endless uses. 
For that matter, they could be used 
in large arrays with existing red and 
green diodes for flat-screen TV with- 
out optical strips. Please tell all of us 
eager experimenters and hobbyists 
where we can get hold of some dis- 
crete blue LEDs to tinker with. 
Jackson Callan, Dunwoody, Ga. 


David Scott replies: “Blue LEDs are 
in fact produced commercially by 
Panasonic in Japan, although I'm told 
they are much more expensive than the 
red or green because they are so diffi- 
cult to manufacture. The company also 
makes tri-color dot-matrix-panel dis- 
play units in 16-by-16 modules. In the 
US., blue LEDs are not available to 
the consumer because they are made 
in very limited quantities, being di- 
rected toward the medical diagnostic 
field. An eager hobbyist with money 
to spend could try contacting the Brit- 
ish supplier, Trident Microsystems 
Ltd., Display Division, Trident House, 
53 Ormside Way, Holmethorp, Redhill 
Surrey RH1 1LS, England.” 


Historically German 


Concerning the “Stealth” article [Sept. 
'86], I would like to make a case for 
historical accuracy. Author Heppen- 
heimer gives Robert T. Jones credit for 
inventing the swept-back wing. In fact, 
the inventor was Adolph Buseman, 
who, in 1935, proposed the wing plan- 
form as an approach for avoiding com- 
pressibility stall at supersonic speeds. 
Jones "discovered" the swept-back 
wing in 1945 and was the first Amer- 
ican to propose such a wing planform. 
The swept-back wing, swept-forward 
wing, delta wing, and many others are 
legacies of German World War II aero- 
dynamics research. Incidentally, the 
Germans had flown a pure flying wing 
"stealth" jet fighter-bomber in 1945, 
which, because of its shape and wooden 
construction, they found to be invisi- 
ble on radar. 

Michael T. Klewin, Trenton, N.J. 


Pricey parts 


Iread with great interest your sports 
coupe car test [Oct. '86], and gener- 
ally found your observations to be pre- 
cise and objective. But I did find one 


problem: The repair-parts prices that 
are quoted in the article are conspic- 
uously absent from the evaluations 
and subsequent choices. A quick com- 
parison of these prices demonstrates 
the German car manufacturer's men- 
tality toward the customer—$112 for 
a set of Scirocco disc brake pads; 
more than $500 for an alternator; and 
nearly $80 for a mere taillight lens? 
This doesn't even include installation 
labor. Since this is not a $40,000 to 
$60,000 car but rather a low-ticket 
sports coupe, parts prices should be a 
very important factor. I guess the 
saying, "When you drive like a sport, 
you have to expect to pay like a sport" 
is even more true than ever. Thanks 
for the good reporting. Even though 
you did not consider the parts prices 
in your evaluations, you did provide 
them to us so we could make up our 
own minds. 
Robert C. Rassa 
Granada Hills, Calif. 


The female connection 


I was surprised that Roy Doty and 
reader M. Gray [“RTB,” Nov. '86] did 
not know that they could buy a fe- 
male-to-female swivel connector for 
water hoses at most hardware or trav- 
el-trailer-parts stores for less than $2. 
This type of connector has been used 
by travel-trailer buffs for years to con- 
nect their water filters and such. 

J. B. Corley, Louisville, Ky. 


I offer a suggestion to reader Gray, 
who was unable to find a garden hose 
with two female ends: A washing- 
machine connector hose comes with 
two female ends. 

Richard J. Scott, Lake Luzerne, N.Y. 


Corrections: Included in the Novem- 
ber 1986 article on DIY wiring is an 
erroneous statement advising readers 
to "touch it [a bare wire] to a ground 
post to be sure [it is dead].” While that 
would be much preferable to working 
with a live wire, a safer and better 
way to test for hot conductors is to use 
a neon test light or, better yet, a 
Circuitracer [“Wrong-way Polarity,” 
July '85]. Working one-handed, touch 
its lead to the wire to be checked and 
a good ground. If the tester lights, the 
wire is live. 

“Successful Slabs—Simplified” [July 
86] should have stated that control 
joints in concrete slabs be spaced no 
more than 12 feet apart. It’s OK to 
space them closer than that. Our 
thanks to William C. Panarese, Man- 
ager, Building Technology, Portland 
Cement Assn., for the correction. S] 
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We build our stoves 
without compromise. 


ceptional savings. 


ood & Coal Burning 
apabilities 

yond having a safe and efficient design, 
ur stoves and fireplace inserts are fuel 
lexible—able to burn wood and coal 
qually well. Conversion from one fuel to 
he other is easy, taking barely a minute's 
ime. Many of our customers never burn 
al, but the flexibility of design which is 
ssential for coal burning creates the best 
ossible environment for wood burning. 
n ashdrawer—a requirement for burning 
Foal—is extremely helpful for woodburn- 
ing. It makes ash removal quick, easy and 
eat, and lets you clean your stove even 
hile the fire is going. The primary air— 
cated beneath the firebox for coal 
urning—makes fire starting with wood 
ery fast. Even wet wood starts with our 
irect primary air. 


ur most popular models provide both 
diant and convection heat. Heat is 
galitarian. It radiates equally in all direc- 
ions, including the less productive 
nes—bottom and back. Our convection 
lystems channel warm air from bottom, 
ack, and top through vents on the stove 
nt, and out into your living space. 


Il Cast-Iron, 

irtight Construction 

ur cast-iron stoves are carefully built 

m pure, virgin gray iron. They are air- 
ight to the point that even our smallest 
oves can hold a fire through the night. 
ith coal, the burning times are even 
nger. All models have polished cooking 
lates. Most load from the front and side. 
eramic glass windows are standard, as is 
screen for open-hearth burning. 


ederal Period Styling 

hile concentrating on function, we 
aven't compromised on appearance. 

e've employed the simple clean lines of 
deral period architecture (1810-1830), as 
egant today as they were then, to create 
unique and beautiful pattern of raised 
Ines and arches. Our distinctive pebble 
nish and solid brass trim highlight the 
аѕѕіс styling. Our stoves will frequently 
le sited in living rooms and we've gone 
great lengths to assure they belong 
ere. Those of you who eventually own 
Consolidated Dutchwest stove will find 
is not only an exceptional performer, 

t an elegant addition to your home. 


Probe Thermometer 


CATALYTIC 
COMBUSTOR 


Air Outlet 


Ceramic 
Windows 


Convection’ 
Air Intake 


Ash Drawer 


A Complete Unit 


We don't believe in options. Too often 
they mask essential features which must 
be purchased to make a stove useable. 
Our list of options makes quick reading. 
A Corning Catalytic Combustor—offered 
free with the purchase of any stove or 
insert—reduces both creosote build-up and 
pollution by as much as 9096, while in- 
creasing overall heat output by almost 
5096; a 100 CFM dual speed fan (stan- 
dard on inserts) to enhance natural con- 
vection airflow fivefold; decorative brass 
rails, and flue adapters. All else is stan- 
dard with these elegant, high-efficiency 
stoves and fireplace inserts. 


When considering a stove or fireplace insert, it's difficult to know what features are 
important. At Consolidated Dutchwest, our approach to your concerns and questions is 
very straightforward. We build our stoves without compromise. All the important features 
are built-in so they will be there when you need them. We start with safety. Each unit 
exceeds all safety standards. All models, including every fireplace insert, are clean-burning 
nd employ the latest catalytic technology. To very safe operation we add efficiency in a 
00% cast-iron, airtight design with precision-controlled combustion. Using our stoves, 
ustomers consistently report fuel savings of 50%, 70%, even 90%. You too can expect 


Write or Call today 
for your free 
information package! 


Includes the 68-page color Stove 
Catalogue, 


"The Stove Buyers’ 
Guide,” Installation Planner, and 
complete pricing information. 


1-800-225-8277 
1-800-722-5556 


(in Massachusetts call 617-747-1963) 


Free 
Combustor- 
Save 


This 

Spring! 

We will be giving 
away a free Corning 

Catalytic Combustor with every stove or 
fireplace insert ordered by May 20, 1987. 
Corning Combustors have been shown to 
increase woodstove efficiency as much as 
50%, while reducing smoke and creosote 
formation up to 90%! In addition, we will 
be holding over our 1986 prices until 
May 20, 1987, so you can double your 
savings. Call or write today for details! 


! Yes! 


| Name. 


Send me my free information package! 

Includes the 68-page color Stove Catalogue, "The Stove 
Buyers’ Guide,’ Installation Planner, and pricing details. 
| I plan on purchasing a stove: O within 60 days 
1 O next year O in more than 1 year O uncertain 


О in the next 6 months 


l Address 
| City/State 


lidated 


PO. Box 1019 
Dept. 7PS1 
Plymouth, MA 
02360 

(617) 747-1963 


Science Newstront 


By ARTHUR FISHER 


Computer graphics helps discover new surface. 


Genus 1 


This computer-drawn surface 
may seem complex and puz- 
zling. It is. Genus 1, created 
by Professor David A. Hoff- 
man of the University of 
Massachusetts at Amherst, is 
also a revelation in mathe- 
matics. For two centuries, ge- 
ometers knew of only three 
infinite, minimal surfaces— 
the plane, the helicoid, and 
the catenoid—that did not 
self-intersect. (A minimal 
surface is one that encloses 
a boundary using the least 
possible amount of surface 
area; soap bubbles are often 
used to study them.) Now 
Hoffman, using equations for- 
mulated by Celso J. Costa, a 


professor at the University of Niteroi, 
in Brazil, has proved there is a fourth 
such surface, which you see in the 
drawing, by using computer graphics 
to construct one. 


Saving satellites 


The artist’s concept below represents 
a Lockheed Missiles & Space Co. ap- 
proach to SAMS—Space Assembly, 
Maintenance, and Servicing. SAMS is 
an ambitious plan to “revive, replen- 
ish, refurbish, and rescue” all orbit- 
ing spacecraft. 

Until now, there have been four re- 
pair or rescue missions carried out 
successfully by space-shuttle astro- 
nauts. First, in April 1984, was the 
repair of the attitude control system 
of the Solar Maximum Mission. Then, 
in November 1984, shuttle crew mem- 
bers got a double: the capture and re- 
turn to Earth of the dead Palapa B2 
and Westar 6 communications satel- 
lites. And fourth, in August 1985, was 
the “jump start” of the LEASAT 
spacecraft. 

These missions all took place in the 
low orbits accessible to the shuttle. 
Servicing of satellites in higher orbits 
—used by geosynchronous spacecraft, 
for example—might have to be carried 
out by robot workers from unmanned 
spacecraft. 

The conceptual phase of SAMS is 
being carried out by two study teams, 
one headed by Lockheed, the other by 
TRW-McDonnell Douglas. Funds for 
the study are provided primarily by 
the U.S. Air Force Space Division, 
with additional support from NASA 
and the Strategic Defense Initiative. 


Faster than light? 


Astronomers have long been fasci- 
nated by those quasars (short for 
quasistellar objects) that seemed to be 
emitting jets of material at speeds 
faster than light—“seemed” because 
according to relativity theory matter 
cannot travel faster than light. The 
explanation resides in a kind of opti- 
cal illusion. (For a full explanation, 
see “Faster Than Light?” PS, April 
'84.) The first such objects were dis- 
covered in 1969, and until recently 
were thought to be very rare. 

Now their total number has sud- 
denly doubled—from 7 to 14. An 
international team of astronomers, 
using combined arrays of radio tele- 
scopes in the U.S. and Europe, has 

Continued 


Satellite-repair-and-maintenance sys- 
tem could rescue craft in any orbit. 
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“Make your day, buy 
a Regency Scanner" 


P uges a = 


Y ы 


MX3000 HX1500 


Go ahead, scan all the action. Fire, police, emergency, and 
ы weather transmissions. It's all there on a Regency scanner. 


compact, slant front panel d 
mounting bracket makes ii 


On the go... When you're on the go, and 
you need to stay tuned into the action, take 
along the Regency HX1500 hand-held 
portable. Its advanced features include: 
keyboard programming, 55 channels, ten 
public service bands including aircraft, 
liquid crystal display, and 4 independent 
scan banks. 


Check one out today... For a free 
demonstration, visit your Authorized 
Regency Scanner Dealer today, or, write 
Regency Electronics, 7707 Records 
Street, Indianapolis, IN 46226 


Ке елец. ELECTRONICS, INC. 
e 


7707 Records Street 

Indianapolis, IN 46226 
*Mobile use subject to restriction in certain localities. 
Celebrity look-alike — Joe Dimmick — Not to be 
construed as an advertisement or product approval 
by any celebrity. 


Now Available on Video Cassettes... 


BE AN 


EYEWITNESS TO 


AMERICA'S 


ACHIEVEMENTS 


IN SPACE 


Official NASA films to enjoy now 
and preserve for future generations. 


25 Years of America in Space is captured in some of the 
most spectacular photography ever seen. 


On May 5, 1961 Alan Shepard was launched into space in a 
tiny Freedom 7 capsule, thus beginning the first American ever 
to break the bonds of Earth. It marked the beginning of an 
awesome period of achievement in Space for the United States. 


The ensuing twenty-five spectacular years have been painstak- 
ingly preserved on film by The National Aeronautic and Space 
Administration. NASA photographers captured it all — Mer- 
cury, Gemini, Apollo, Pioneer, Mariner, Voyager, Skylab and The 
Space Shuttles. They captured the first orbits, the space walks, 
the lunar landings — every triumphant, momentous achieve- 
ment has been documented. 


Original, unedited and authentic NASA films. 


With the cooperation of NASA and the regional space centers, 
The Easton Press has arranged to make this piece of American 
history available to all. Using state of the art equipment, we 


have transferred the reels and reels of NASA film to the ease of 
ten 90-minute video cassettes. 


Each cassette will feature up to three separate documentaries, 
— all in full-color. Some will feature guest narrators such as Carl 
Sagan, E.G. Marshall, William Shatner, Orson Welles and Bur- 
gess Meridith. Accompanying each tape, will be an informative 
Mission Summary, describing the highlights of each mission, the| 
astronauts and the spacecraft. 


Affordably priced at $29.95 per tape, and easy to acquire, 


Now you can own this piece of history. America's Achieve 
ments in Space is available by subscription directly from The 
Easton Press. As a subscriber, you will receive two 90-minute 
video tapes every other month. Your price of $29.95 per tape i: 
guaranteed for the entire set and may be paid in easy month 
installments. You may return any tape within 30 days for a full 
refund and you may cancel your subscription at any time. Te 
reserve a collection in your name, simply complete the Reser- 
vation Application and return it to The Easton Press. 


FREE for ordering no four full-color prints, suitable for framing, of the spectacular photographs featured in this announcement. 


Reservation Application 


No payment required now. 
We will bill you. 


The Easton Press 

47 Richards Avenue 
Norwalk, Conn. 06857 
Please enroll my subscription to America’s Achievements in Space. Every other 
month | will receive two 90-minute video cassettes in the format designated below. 
Bill me $29.95 (plus $2.50 postage and handling) for each tape. I need pay for only 
one tape per month. 

1 understand that I may return any unopened tape within 30 days for a full refund 
and that either party may cancel this agreement at any time. 

Video Format (check опе). C] VHS C Beta 


As a convenience, enclosed is $32.45* (payable to Easton Press) for my first tape. 
Please charge my payments, at the time of shipment, to my credit card. 
Г] VISA 0 MasterCard 


Credit Card No. Expiration Date 


Name. 
Address. 

City/State Zip 
Signature (Ailorders subject to acceptance) 


*Conn. residents pay 534.88 to include sales tax Please allow 10-14 weeks for delivery. 


Science Newsfront continued 


found seven new quasars that appear 
to be ejecting material at many times 
the speed of light. 

Their discoverers say that the new 
collection of quasars could help solve 
some of the mysteries that surround 
these bizarre, intensely energetic ob- 
jects, which seem to lie at the edge of 
the observable cosmos. They might 
help explain the nature of the central 
engines that deliver the enormous 
power of both quasars and active ga- 
lactic nuclei. 

"A major puzzle is how the central 
engines in active nuclei produce pow- 
erful jets of material extending mil- 
lions of light-years into intergalactic 
space,” says Professor Anthony 
Readhead, director of the Owens Val- 
ley Radio Observatory and the Cali- 
fornia Institute of Technology leader 
of the team that discovered the new 
quasars. 


Satellite saves 


Less than a day after being placed in 
operation, the Search and Rescue 
Satellite Aided Tracking system 
(SARSAT) aboard a National Oceanic 
& Atmospheric Administration weath- 
er satellite helped save the lives 
of four Canadians who had crashed in 
a wilderness area of Ontario. 

The SARSAT system had been ac- 
tivated by a command from NASA's 
Goddard Space Flight Center on Sept. 
22. The next day, it picked up a dis- 
tress signal from the downed aircraft 
and relayed it to Canadian rescue 
forces. Such distress signals are emit- 
ted by an emergency locater transmit- 
ter aboard aircraft, designed to be 
triggered automatically in case of a 
crash. 

SARSAT is part of an international 
cooperative in which the major part- 
ners are Canada, France, the Soviet 
Union, and the United States. The 
US. has two SARSAT satellites in op- 
eration; the Soviets, who also detected 
the Canadian distress signal, have 
three. Since the program started in 
1982, these satellites have helped save 
more than 600 lives. 


Ocean front 


Scientists from the Naval Ocean Re- 
search and Development Activity at 
the National Space Technology Labo- 
ratories in Mississippi, working with 
more than 60 ocean investigators from 
six countries, have used satellite im- 
agery to detect a permanent ocean 
front in the Mediterranean Sea near 
the prime meridian. Called the 
Almeria-Oran front because it extends 


Structural plastic foam gets a boost. 


between Almeria, Spain, and Oran, 
Algeria, the front is the interface of 
cold, upwelling, eastward-moving At- 
lantic waters (the lighter portions in 
the NOAA-9 satellite thermal image 
at the bottom of the page) and the 
warmer waters of the Mediterranean 
Sea (darker in the photo). The data 
collected so far indicate that a tremen- 
dous amount of nutrient and biologi- 
cal change occurs both along and 
across the front. 


Foamware 
Appearing in the photo at the top of 
this page is an intricately shaped pal- 


let for shipping fragile jet-engine com- 
ponents. So what? It is made of 


bsn 


Permanent ocean front is discovered. 


structural plastic foam, one of the first 
such products to be developed with the 
aid of a new General Electric Co. soft- 
ware package. Structural plastic foam 
is gaining popularity for transporta- 
tion and other uses because it is rela- 
tively strong and light. It is made by 
injecting an inert gas, such as nitro- 
gen, into molten plastic as the liquid 
is forced into a mold. This process cre- 
ates tiny bubbles inside the part. This 
porous interior is then sandwiched be- 
tween solid plastic skins that form at 
the outer surfaces where the foam 
touches the mold. 

Researchers at GE’s Research and 
Development Center estimate that the 
new software will enable them to de- 
sign and engineer complex, load- 
bearing foam structures in half the 
time previously required. 


Energy-storing magnets 


Many solutions have been proposed for 
one problem shared by all electric util- 
ities: load-leveling, or a means of stor- 
ing excess energy generated during 
off-peak hours. The solutions include 
pumped water storage, compressed air 
storage, battery storage, tidal power, 
and various solar schemes. Now engi- 
neers at Bechtel National’s Energy 
Systems Division in San Francisco say 
the answer may lie in converting elec- 
tricity to stored magnetic fields in 
giant superconducting electromagnets. 

Drs. Robert J. Loyd and Susan 
Schoenung of Bechtel described the 
concept, called SMES (for supercon- 
ducting magnetic energy storage), at 
a Joint Power Generation Conference 
last fall. It would use a circular mag- 
net ranging from 100 yards in diame- 
ter to as much as half a mile. At the 
larger diameter, the magnet could 
store 5,000 megawatt-hours of electric- 
ity, roughly enough to supply the daily 
needs of San Francisco. Because the 
supercooled coils of a superconducting 
magnet offer no resistance to electric- 
ity, the efficiency would be high: ap- 
proximately 95 percent. By contrast, 
say Loyd and Schoenung, pumped 
hydro storage efficiency is 72 percent, 
and battery storage efficiency, only 65 
percent. 

The system, however, would have to 
be built in a trench because the huge 
magnetic field creates an outward 
thrust that must be contained. And, 
say the researchers, “human activity 
in the immediate vicinity of the plant 
would have to be restricted because 
of the magnetic field,” although the 
size of the restricted area would not 
be excessive; the field drops rapidly 
with distance from the center. ЕЮ] 
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Wear the watch only a mint could create. 


Enlarged to show detail. 


At a time when high quality “coin watches” are the ultimate in fashion 
jewelry for men—this watch is something special. 

The spectacular sculpture on its face is actually minted. Just like a coin. 
In 24kt gold electroplate on solid sterling silver. It has to be, to capture 
all that detail. 

It's an original. By famed artist Gilroy Roberts, whose portrait of 
President Kennedy made the U.S. half-dollar one of the most collected 
coins on earth. 

It’s exclusive. From The Franklin Mint, of course. The one source 
world-renowned both for minting exceptional coins and for creating fabu- 
lous jewelry. 

And it’s a superb timepiece. With a fine Swiss quartz precision move- 
ment and black leather strap. Impressive. Quietly elegant. The price? 
Just $195, payable in convenient monthly installments. 

Please order by February 28th. 


The Franklin Mint Eagle Watch. $195. 


Order Form 

The Franklin Mint | Please mail by February 28, 1987. 
Franklin Center, Pennsylvania 19091 For Warranty information, write to Customer Service, 
Please enter my order for The Franklin Mint Eagle Watch. The Franklin Mint, Franklin Center, PA 19091. 
Ineed send no money now. I will be billed for a deposit of $39.* when 
my watch ís ready to be sent to me. The balance will then be billed after Mr./Mrs./Miss 
shipment in four equal monthly installments of $39.* each. is Y PLEASE PRINT CLEARLY 

*Plus my state sales tax and Address 


a total of $3. for shipping and handling. 
5% City, State, Zip 
ignature Please allow 6 to 8 weeks for shipment. 20 


Automotive 


By DAN McCOSH 
Detroit Editor 


Newsfront 


BMW's new 750 sedan may renew interest in V12-powered luxury cars. 


Heavy metal 


Only in Germany, where the Autobahn 
has no speed limit and the government 
sets no fuel-economy standards, could 
you build cars like the new 7-series 
BMWs and the Porsche 928 S4. David 
Scott and Tom Wilkinson recently 
traveled to Germany to drive these 
high-speed behemoths. Scott reports: 
“Fancy a right-hand door mirror 
that tilts down when you shift into re- 
verse, giving a view of the curb for 
parking? That's just one of the details 
in BMW's new 7-Series luxury cars. 
"These second-generation 7s retain 
traditional BMW styling and engi- 
neering, though the new body is lower, 
wider, and more aerodynamic than be- 
fore. Two in-line six-cylinder engines 
are featured, displacing three and 3.5 
liters. I found the smaller engine and 
a four-speed automatic would push the 
big sedan to more than 130 mph 
on the Autobahn. The larger 


engine with a five-speed 

manual was good for ~ 
almost 140 mph, 

and zero-to-60- J 


mph times clocked at 8.4 seconds. 
“Next June, a five-liter V12 debuts, 
an engine that features what may be 
the ultimate system for allowing a dis- 
abled car to limp home. Fuel injection 
and ignition for each bank of six cyl- 
inders are totally separate. So if a 
problem arises, half the engine can be 
shut down, and the car will continue 
running, albeit at a slower pace.” 
Scott reports that the new BMW 


69 69 
ec 
e 


Four-valve heads will be used on all 
Porsche 928 S4s worldwide. A new 
smoother nose and tail treatment im- 
proves aerodynamics. 


will be U.S.-bound in 1988. Mean- 
while, Tom Wilkinson visited Stutt- 
gart to drive the 928 S4, Porsche's 
latest supercar. His report: 

"Every car has its ideal environ- 
ment. Jeeps are most at home on rut- 
ted fire trails. Lincoln Town Cars love 
to float through the potholes that dot 
1-95 between New Jersey and Florida. 
And the Porsche 928 S4 is happiest 
hammering down the Autobahn at 
Some outrageous speed. 

“Because the Autobahns link major 
commercial cities, cars like the 928 
become the German equivalent of the 
New York-Washington air shuttles. 
For instance, a Porsche engineer with 
whom I shared an early breakfast was 
preparing to drive 120 miles on the 
Autobahn for a midmorning meeting. 
He thought nothing of the fact that 
he would be back at his office, after 
240 miles of travel, by lunchtime. 

*For this kind of driving, the new 
928 S4 may be the perfect car. It cra- 
dles you in leather, cools you with air 
conditioning, and soothes you with a 
string quartet, all the while cruising 
at a blistering 140 mph. 

*For 1987, all 928s get the four- 
valve heads installed on U.S. models 
in 1986. And catalytic converters, long 
a feature of U.S.-bound cars, will now 
be available in Europe. Like many 
Germans, Porsche engineers are wor- 
ried that automotive exhaust—par- 
ticularly oxides of nitrogen— may be 
killing the Black Forest. They point 
with pride to the emissions numbers 
for the catalyst-equipped 928, which 
are almost zero, no matter how high 
the car's speed. 

"Other technical features include an 
intake manifold with variable tuning, 
which helps raise horsepower to 320, 
and a smoother nose and tail treat- 
ment that drops the drag coefficient 
to 0.34 for easier cruising. Top speed 
is now close to 170 mph, Porsche 
claims.” 


V8, -12, -16 


BMW's sneak unveiling at the Paris 
Auto Show of its new V12 engine, due 
to power its new 750 model, is stir- 
ring interest among other luxury-car 
manufacturers. A few already are fear- 
ful of being lured into a “piston race.” 
Mercedes-Benz, for example, plans 
to keep increasing the potential of its 
V8 rather than go for a V12. Surpris- 
ingly, Cadillac only recently shelved a 
program that not only was studying a 
V12 for future cars, but also included 
a V16, with 135 degrees between cyl- 
inder banks, that harked back to the 

huge V16s used in the 1930s. 
Continued 
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NRI Trains You At Home—As You Build Your Own IBM-Compatible Computer 


GET THE KNOW-HOW 
TO SERVICE EVERY 
COMPUTER ON THIS PAGE. 


Learn the Basics the NRI Tots a Registered Trademark ови no need юш your present job until 
you're ready to make your move. Your 
Way-and Earn Good =ч i training is backed up by your personal 
Money Troubleshooting Apple and te Apple lago are Registered NRI instructor and the NRI technical staff, 
Any Brand of Computer E e ready to answer your questions 
y [zem aa eaen k ol and help you when you 


need it. You get it all with 
NRI at-home training. 


The biggest growth in jobs 
between now and 1995, alb 
according to Department of 
Labor estimates, will occur in 100-Page Free 
the computer service and repair ° 
business, where demand for КОШ Catalog Tells More 
trained technicians will actually NU Send the postage-paid 
double. VE , КЫ m Y for 
i e 5 big, 100-раде, 
You can cash їп оп —N. Ў color catalog on NRI's 


this opportunity—either T АА 
as a full-time corporate electronics training, 


technician or an inde- which gives you all 
pendent service-person the facts about 
—once you've learned all NRI courses 
the basics of computers in Micro- 

the NRI way. NRI's computers, 
practical combination of - Robotics, 
"reason-why" theory and ё Data Com- 
“hands-on” building skills -— munications, 
starts you with the funda- TV/Audio/ 


mentals of electronics, then oo Video Servicing, 
guides you through advanced and other growing 
electronic circuitry and on into high-tech career fields. 
computer electronics. You also If the reply card is missing, 
learn to program in BASIC and machine write to the address below. 


language, the essential languages for 
troubleshooting and repair. 


Total Computer Systems ip 
Training, Only From NRI 


No computer stands alone. . . it's part of 
a total system. To really service computers, It all adds up to confidence- 
you have to understand computer systems. building, real-world experience 
And only NRI includes a powerful com- that includes training in program- =- 
puter system as part of your training, ming, circuit design, and peripheral 

centered around the new fully IBM maintenance. You'll be learning about, 


compatible Sanyo 880 Series computer. working with, servicing, and trouble- 

You start with the step-by-step shooting an entire computer system— Your NRI total systems training includes: 
assembly of the new, highly rated fully | monitor, keyboard, computer, disk drive, aoe Tren m гоша x 
IBM compatible Sanyo 880 Series com- | power supply—to ensure that you have through tithe dbs aes Dgtallode 
puter. You install and troubleshoot the all the essential skills you need to succeed | probe for visual аанай сабаа T is ic 
"intelligent" keyboard. Then you assem- as a professional computer service The newest Sanyo 880 Series Computer with "intel 
ble the power supply, install the disk technician. polea tinte теры рен рү т 
drive, and add extra memory to give you ROME СК RAN . Бакма enuas ichding GW 
a powerful 256K RAM system. The new No Experience Needed, fide 8005 Won * pore eser [eei 


880 computer has two operating speeds: NRI Builds It In 


standard IBM speed of 4.77 MHz and a 

remarkable turbo speed of 8 MHz, mak- This is the kind of practical, hands-on AFP... 

ing it almost twice as fast as the IBM PC. experience that makes you uniquely McGraw-Hill Continuing Education Center 
Next, you'll interface the high-resolution prepared, with the skills and confidence 3939 Wisconsin Avenue, NW 

monitor and begin to use the valuable you need for success. You learn at your Washington, DC 20016 " 
software also included with your com- own convenience in your own home. ү 
plete computer system. | No classroom pressures, no night school, | We'll Give You Tomorrow. LH [| 


Automotive Newsfront c 


Cadillac built a few prototype V12s 
in the 1960s that never saw produc- 
tion, a program that was displaced by 
the 500-cubic-inch V8. Current inter- 
est in V12s or V16s is limited mainly 
by the division's commitment to front- 
wheel-drive cars. The enormous length 
of such engines is difficult to package 
without an old-fashioned rear-drive 
layout. 

Both Ferrari and Jaguar have con- 
siderable experience with V12s. The 
chief advantage cited to justify the 


complexity (as many as 48 valves, for 
starters) is quick throttle response and 
exceptional smoothness at extremely 
high rpm. 

BMW is expected to argue that it 
has leapfrogged Mercedes-Benz with 
its V12, scoring a coup in engineer- 
ing panache. But BMW's motivation 
may actually be economy, argues one 
engineer: 

“Even though a V12 is more expen- 
sive to make—since it has more pieces 
than a V8—you can machine the 


MINUTEMAN” 


UNINTERRUPTIBLE POWER SUPPLIES 


BACK UP POWER PROTECTION 


FOR COMPUTERS ... 


Telephone Systems and Other 
Sensitive Electronic Equipment 


Protection From: 
* BLACKOUTS 

* BROWNOUTS 
ж INTERRUPTIONS 
ж SPIKES 

ж SURGES 

ж EMI/RFI 


LOAD TESTER 
WITH ANY 
UPS PURCHASE 


EVALUATION PROGRAM 
(30-DAY MONEY BACK GUARANTEE) 

* Completely automatic operation 

* From 1 msec to 4 msec switching time 
* Audible and visual status indicators 
* Order - ship same day 

* Toll Free ordering 

* Full one year warranty 


SUGGESTED RETAIL 


250 Watt (120V) UPS - STEPPED SQUAREWAVE 
300 Watt (120V) UPS - SYNCHRONIZED SINEWAVE 


$359.00 
$549.00 


500 Watt (120V) UPS - SYNCHRONIZED STEPPED SQUAREWAVE $699.00 


1000 Watt (120V) UPS - SYNCHRONIZED SINEWAVE. 


11425 Mathis 5с 
Suite 404 
Dallas, Texas 75234 
(214) 869-1688 


PARA SYSTEMS, INC. 


ч 


$1399.00 


DEALER 
INQUIRIES 
WELCOMED 


1-800-238-7272 
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block with the same production tools 
you use for a six cylinder.” 


That hazy buildup 


Motorists struggling to peer through 
windshields covered with winter muck 
may not notice, but the glass itself 
may be impaired enough to affect their 
vision. 

At least that’s the theory being pur- 
sued by Dr. Oswald H. Haase, a phys- 
icist at Fairleigh Dickinson University, 
in N.J. Haase has developed a device 
that measures windshield erosion 
—the subtle deterioration that comes 
from a near-constant barrage of sand 
and debris against a car's windshield. 

Nearly invisible pits and scratches 
scatter light and create halos and dis- 
tortion, says Haase. A stray light 
analyzer placed on a car's windshield 
can measure this light scatter. 

“With an objective measurement, we 
can determine how serious the prob- 
lem is,” says Haase. 

Studies conducted in Germany and 
Sweden indicate that measurable de- 
terioration occurs after as few as 
10,000 miles. But, says Haase, there 
is a tremendous difference, depending 
on geography: Worst are the “snow- 
belt,” where wipers are used often, and 
sandy areas such as Arizona. 


Fewer fumes 


Motorists in three states are currently 
wrestling with oversized gas-station 
hoses used to capture fumes that nor- 
mally escape to the air during refuel- 
ing. That’s because laws in certain 
areas require vapor recovery to con- 
trol pollution. Now, just as similar 
regulations are under consideration 
for the rest of the country, Goodyear 
comes to the rescue with a new light- 
weight hose said to be far easier to 
handle. It’s really a hose within a 
hose, with a vapor hose surrounding 
one used to deliver fuel. 


News briefs 


* Sea-going status? For those dis- 
tressed by having to leave the Coun- 
tach at the dock, Lamborghini and 
MerCruiser are collaborating on three 
boat engines. The largest, a 500-cu.-in. 
nine-liter V12, is rated at 630 hp. 

* Honda has built its first auto en- 
gine in the US. The 1.5-liter four, des- 
tined for a Civic four-door, recently 
rolled off the line in Anna, Ohio. 
Honda plans to build more than 120 
Civic engines per day at Anna. Hisl 


Contributors: Tom Wilkinson (New York), David 
Scott (Europe) 


75,000 Families Have Discovered BY 
How Affordable Boating Can Be. 
...Now It's Your Turn. 


Bayliner's 1987 lineup of family runabouts is exciting proof of Bayliner's - 
commitment to making boating more affordable. True to that commitment, the zd z B 2150 Capri 
price of each Capri is an invitation to experience the exhilaration of boating. < Щ Bowrider 

Not that holding down prices has held back the advancements. For 1987 ће | z £ Boat, motor 
innovators at Bayliner have improved Capri's already-acclaimed performance, \ 5 =" and trailer, 
style and value. The result: ten beautiful models whose good looks are only ће | с only 
surface of their quality-engineered designs. = \ $13,495" 
Wi The all-new 1700 Capri Cuddy is a compact, economical family boat with a | 
lockable cabin and generous overnight accommodations. 

W The 1400 Capri Bowrider—America's most affordable deluxe runabout—is 

lightweight and easy to tow behind today's smaller cars. 

W Bayliner's 1900 Capri Cuddy is a smart looking weekender designed 

for impressive water skiing and economical performance, 

IW The 2150 Bowrider offers dramatic new styling, roomy cockpitand D 
the unique convenience of a fully-enclosed head___— 

Every Capri is loaded with standard 
equipment, including AM/FM cassette \ | 
stereo, custom swim platform, full canvas | 
and more. Eight models even include a 
custom-matched Escort trailer, fully 
rigged at the factory. 

Join the more than 75,000 boating and W 
families who've discovered how affordable top | | — Cuddy Boal, nel 
quality can be; visit your Bayliner Capri dealer. | only БШ 
He's in the yellow pages. Or, write for the name 
of the dealer nearest you, 1400 Capri Bowrider 


ailer, 


Boat, pee £s trailer, SPECIAL PRICES 


only $457! 

now in offer ationwide 
1700 Capri Cuddy Powerboat magazine, conducting the industry s most exhaustive product evaluation, has awarded Bayliner Capri boat 
Boat, motor and trailer, only $8,095* "0015 lop honors five years in a row, in head-Io-head comparison with the industry's finest offerings. 


= 
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Manufacturer's suggested boat show prices in effect through January 15, 1987 at participating dealers. Actual prices due REGE 
‘eset by dealer. Taxes, registration, treight, options and dealer prep charges extra. Prices may change without notice. praes Phone 
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Electronics 


By WILLIAM J. HAWKINS 


Newsfront 


Clone beater 


Amstrad, a British computer com- 
pany, made news recently by introduc- 
ing a low-cost word-processing system 
that's sold through Sears [“Double- 
Duty Word Machine," PS, Nov. '86]. 
Now Amstrad has shown a low-cost 
IBMPC-compatible computer. POPULAR 
Science European Editor David Scott 
reports from Westminster, England: 
"The Amstrad PC-1512 could give 
Big Blue big competition. Aside from 
beating the IBM PC on speed, the 
British machine is about 
one-third the price, deeply 
undercutting even Taiwan- 
ese and other clones now 
encroaching on IBM sales. 
"The basic machine in- 
cludes 512 kilobytes (K) of 
random-access memory, an 
8086 microprocessor 
operating at eight mega- 
hertz (for about twice 
the speed of the IBM PC), 
a single 5.25-inch disk 
drive, a monochrome 
monitor, an enhanced col- 
or graphics adapter, and 
connectors for serial and 
parallel peripherals. The 
unit also 


comes with a battery-backed clock/ 
calendar, joy-stick connector, and 
two-button mouse. Total price: $685 
in Britain, about the same as Am- 
strad's PCW word processor. 

"Operating systems—MS-DOS 3.2, 
Concurrent DOS Plus, and GEM— 
are included on six disks. Customized 
versions of WordStar, SuperCalc, and 
other programs are available. Al- 
though no firm plans have been made, 
Amstrad Consumer Electronics (169 
Kings Rd., Brentwood, Essex CM14 
4EF, England) could have a US. ver- 
sion soon." 


Digital snow thrower 


As predicted last month, NEC has 
shown a digital VCR. Like other digi- 
tal VCRs, the DX-1000U stores a pic- 
ture in its memory for special effects 
such as perfectly still freeze frames. 
But unlike the others, NEC's model 
also uses digital circuitry to reduce 29 
percent of the noise, or snow, from the 
picture. Below, at left, is a conven- 
tional TV picture; on the right, the 
same picture is shown after digital 
processing. Price of the VCR: $699. 


Updates 


* The VHS group in Japan has ap- 
proved a new digital coding system, 
called CTL, for VHS VCRs. The code 
is recorded on the tape's control track 
and contains index numbers or any 
four-digit address code. The index num- 
ber allows rapid electronic access to 
any spot on the tape. The address code 
could contain pre-programmed infor- 
mation such as elapsed time, date or 
time of the recording, and cue num- 
bers. Because the code can be placed 
on the tape any time, it's likely to be 
used for electronic editing, too. (For 
example, push a button and make cop- 
ies of tapes made in January only.) 
Machines could be available this fall. 
* As the war between 8-mm and 
VHS-C camcorders escalates, the 
battle lines become fuzzier: Sony now 
has an 8-mm camcorder with built-in 
playback electronics (like the original 
VHS-C model), and JVC has intro- 
duced a VHS-C record-only camcorder 
(which is the same as the original 8- 
mm model). With both sides having 
models with similar features, cam- 
corder makers must now concentrate 
on the only significant differences: 
price and format. 
* I heard a musical warning behind 
Continued 


Video noise above is reduced at right. NEC's digital circuitry compares two frames to determine noise level. 
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Stop 
Taking 


Vitamins 


If you think the vitamins you 
are now taking are doing you 
any good, wait until you hear 
the latest news on why 

they may not. 


By Joseph Sugarman 
This may come as a shock. But according 
to the latest research, those vitamins that 
you take every day may be doing you ab- 
solutely no good. For example. 

FACT: Vitamins should be taken after 
а meal—never before. The body must first 
have protein, fats, or carbohydrates in the 
digestive tract to properly break down the 
vitamins for proper absorption. 

FACT: Your body has a need for a 
natural vitamin balance. Too much of one 
vitamin may cause another vitamin to be 
less effective. For example, vitamin A 
should be taken with Vitamin E but ex- 
cessive iron should not. 

FACT: If you take too much calcium, you 
may deplete the magnesium in your system. 
And you need magnesium to convert food 
into energy. 

FACT: Some vitamins are best taken in 
the morning and others at night. For exam- 
ple, the trace element chromium helps break 
down the sugar in your food which in turn 
creates energy—perfect to start the day. 
But at night you should take Caleium which 
has a relaxing effect—perfect for the 
evening. 

FACT: Athletes or people who exercise 
a great deal need vitamins more than peo- 
ple who don't exercise. Vitamins are 
depleted at a much faster rate during ex- 
ercise than during any other period of time. 

But there was a series of other facts that 
surprised me too. For example, despite 
everything I've just mentioned on the care 
in taking vitamins, there are those people 
who absolutely need vitamins because of the 
mental or physical activity that they 
undergo. People on a diet, under stress, 
those who smoke, women who take con- 
traceptives and even those who take 
medication—all rob their bodies of some of 
the essential vitamins and minerals that 
they need to help combat the various habits 
or conditions they are under. 

And with proper vitamins in the proper 
balance and at the proper times, you may 
have more energy and vitality. Little 
changes may take place. Your nails may 
become stronger, your hair may become 
lustrous and your skin may remain more 
elastic which will keep you younger-looking 
longer. 


DOCTORS HAD IDEA 
About two years ago a group of doctors 
had an idea. They realized that many peo- 
ple were taking vitamins and not really 
noticing any difference in their health. They 
also realized that, based on the latest nutri- 


Stop taking that innocent 
looking vitamin pill 
until you read 

this report. 


tional findings, the vitamins people were 
taking may not have been doing them any 
good. So they formed a group of advisors 
consisting of nutritionists, dieticians, der- 
matologists, biochemists and physicians, 
and began to work on the development of 
a vitamin program that incorporated all of 
the latest information on vitamins, 
minerals, nutrition, food processing—even 
stress research. They realized that vitamins 
were a two-edged sword. They could either 
help you or hurt you. 

They then took all this information and 
developed the most effective combination 
of vitamins and minerals, formulated four 
tablets—one for the morning and one for the 
evening—and one for men and one for 
women and then started a test program that 
lasted over two years. The results speak for 
themselves. 

It was ideal for weight loss programs 
and it was ideal for people under stress. It 
helped many increase their energy levels. 
Smokers benefited. Some under medication 
benefited. And before long MDR Fitness 
Corp., the company that had developed the 
program became, one of the fastest grow- 
ing vitamin companies in the United States. 
And no wonder. 


SEVERAL BENEFITS 

With the proper vitamin and mineral 
balance, taken in the right quantity in the 
right combination and at the right time, 
several obvious benefits occur. First, you 
may develop a better mental outlook 
because you've got the energy and the zest 
to accomplish more. As a result of the trace 
elements copper, zinc and manganese, your 
body is helped to make its natural anti-aging 
enzymes that keep you fit. Improvements 
in your vitality translate into everything 
from better job performance to a more 
fulfilling sex life. 

JS&A has been selected by the vitamin 
company to introduce their medically for- 
mulated vitamin program. Every two 
months we send you a two month's supply 
of 120 fitness tablets—one to be taken after 
breakfast and one after dinner. 

During the first two months, you will 
have ample opportunity to notice the dif- 
ference in your energy level, your ap- 
pearance and your overall stamina. You 
Should notice small changes. Your complex- 
ion may even take on a glow. Some of you 
may notice all of these changes and others 


may notice just a few. But you should notice 
some of them. 
If for any reason, you do not notice a 
change, no problem. Just pick up your 
phone, and tell us not to send you any more 
vitamins. And if you're dissatisfied and ask 
for a refund, you won't even have to send 
the empty bottle back. It's yours free for 
just giving us the opportunity to introduce 
our vitamins. However, if you indeed do 
notice a difference (which we are confident 
you will), you'll automatically receive a two- 
month's supply every eight weeks. 
ONE MORE INCENTIVE 

I’m also going to give you one more in- 
centive just to let me prove to you how 
powerful this program really is. I will send 
you a bonus gift of a fitness bag with your 
first order. This beautiful bag will hold all 
your fitness gear and it's great too for short. 
vacation trips. It's a $20 value but it's yours 
free for just trying the vitamins. Even if you 
decide not to continue, you keep the fitness 
bag. I am so convinced that you will feel and 
see a difference when you take these 
vitamins that I am willing to gamble on it 
with this unusual offer. 

Vitamins indeed are important. And 
with today's research and new nutrition 
technology, you have a greater chance to 
achieve the fitness and health levels that 
may have eluded you with the typical store 
vitamins or the poor advice we may get in 
health food stores or from friends. Here is 
a safe, risk-free way to get one of the best 
vitamin programs in the country, for- 
mulated by a physician, with the right com- 
bination of vitamins, minerals and trace 
elements, in a convenient program that 
assures you of delivery every two months. 
I personally take and highly recommend 
them. Order your trial quantity, today. 

To order, credit card holders call toll free 
and ask for product number (shown in 
parentheses) or send a check and include 
$2.50 for delivery. 

Men's Vitamins (1155AAB)......... $24 
Women's Vitamins (1156A AB) 


О, 
ON: 


One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 228-5000 


IL residents add 7% sales tax. ©JS&A Group, Inc,,1986 


Electronics Newsfront continued 


me. I turned, then moved—quickly— 
out of the way. A computer-guided 
robot glided past, obviously deter- 
mined to deliver its booty of circuit 
boards to an awaiting assembly area. 
To my left and right, machines hissed 
and thumped as they worked to meet 
their goal: by day’s end, to stuff 4.5 
million integrated circuits into thou- 
sands of printed circuit boards. What 
company is so heavily involved in 
high-volume electronic manufactur- 
ing? Ford. I was at the company’s 


audio assembly plant in Markam, б] à 


tario. It's currently building a new 10- 
speaker 140-watt JBL stereo system, 
to be available in the Lincoln Mark 
VII, and a compact-disc player for the 
Lincoln Town Car. Like the earlier 12- 
speaker JBL system [PS, Oct. '85] and 
General Motors' Bose system [PS, Jan. 
'83], this newer version is designed for 
a specific automobile. 

* The direct-view big-screen race con- 
tinues: Matsushita now has a 41-inch 
picture tube. It weighs 187 pounds. 


Now You Can Build This Full Size 


OAK ROLL TOP DESK 


And Many Other Top Quality Products From Pre-Cut 


‘comes completely 
assembled 


Hardwood Kits. 


With only a minimum of wood- 
working skill, you can build this 
full size authentic roll top at 
extraordinary savings. Complete 
kit includes all pre-cut wood 
parts, hardware, and easy 
instructions. When finished, you'll 
possess a magnificent showpiece 
for your home or office. 


You can complement your 

desk with matching 2 or 3 drawer 

oak file cabinets or stacking oak barrister's bookshelves, 
all from Craftsman's Corner's pre-cut kits. Add the final 
touch with a pre-assembled, ready-to-finish, 

solid oak swivel chair! 


Craftsman's Corner quality hardwood 
kits are designed for every room 
in the house and include tables, 
chairs, clocks, music boxes, dry 

sinks, hutches, dressers, chests 
and many more. Each kit con- 
tains all wood parts, complete 
hardware, and detailed assembly 


instructions. . . 


and because 


you build them the savings are terrific. 
Craftsman's Corner's 

- t easy-to-assemble kits let 
your dreams come true. 


No eiae tools needed. 


ZA FREE Full Color Catalog 


| Yes, please send my free Craftsman’s Corner color catalog. 
I understand I am under no obligation. 
Print 
Name 


E Address 


City 


State. 


CRAFTSMAN’S CORNER Dept. 7PZ 


4012 № 
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14th St. • Box АР» Des ! Moines, lowa 50302 


uper 3-D 


The theater screen is filled with stars, 
but a white speck of light catches my 
eye. The speck grows and comes closer, 
and details begin to show: It’s a me- 
teor tumbling through space. Within 
moments something very strange hap- 
pens: A rock seems to take form. It 
leaves the screen and floats within 
inches of my face. It’s so realistic, I 
try to swat it with my hand. I look 
around the theater. Other people in 
the audience are swinging, too. A 
dream? No. This is a new 70-mm 
three-dimensional film created by 
Kodak for use in its pavilions at 
Disneyland and Disney World. View- 
ers wear glasses that use polarized 
lenses (not the usual colored lenses) 
for 3-D effects that are far more vivid 
than those from any film or video disc 
(with liquid-crystal glasses) I’ve seen. 
The film, called Captain EO, runs for 
17 minutes, but because of the spe- 
cial effects—including in-theater 
lighting that’s electronically timed to 
scenes in the movie—EO took as long 
to produce as a full-length feature 
film. 


Surface laser 


RCA Corp. has developed a laser diode 
that emits light from the surface of a 
wafer through a grating. The diode is 
expected to be more reliable than the 
current edge-emitting types, and the 
grating can select the wavelength and 
combine beams from an array to cre- 
ate a single high-powered light source. 
The device is expected to be used in 
satellite communications, where high 
power is necessary, and in applications 
where miniaturization is important, 
such as in optical computing. 


10 million bytes: child's play 


When Kao Corp. of Japan went head 
to head (sort of) with Proctor & Gam- 
ble over who made the best diaper, it 
was Kao that did some seat-of-the- 
pants engineering to develop tiny plas- 
tic beads that are far more absorbent 
than P&G's paper products. But get- 
ting to the bottom of that problem nat- 
urally taught the company lots about 
working with smooth surfaces. So Kao 
used the knowledge to design a su- 
persmooth coating for 3.5- and 5.25- 
inch computer disks. The new disks 
hold up to 10 million bytes of data. 
Although that's 30 times more capac- 
ity than ordinary floppies have, the 
disks will still get filled eventually. 
What do you do then? Change 'em, of 
course. 


Coming: 
graceful robots? 


With compact motors driven by ultrasonic vibrations, in- 
dustrial robots may become more graceful. The new mo- 
tors produce smooth, easily controlled rotary motions that 
could be used to pivot a robot’s arm or thumb, for exam- 
ple. The motors could also operate auto-zoom lenses. 

Matsushita Electric Corp. and Hitachi Maxell Corp., Jap- 
anese electronics companies, claim their ultrasonic mo- 2 f ule 
tors perform better than electromagnetic motors, which Tiny Matsushita motors use 3.5 W of power. They're made 
are heavier and require gears and coil assemblies. Ultra- with disc-type (below, left) or ring-type (right) rotors. 
sonic motors are especially useful at low speeds: They offer 
quick response and high torque, with no need for the speed- 
reducing mechanisms used in electromagnetic motors. 

In both the disc-type and ring-type motors developed by 
Matsushita (see drawings), piezoelectric elements [PS, July 
782] girdle a fixed plate, or stator. Electric current going 
into the elements produces ultrasonic emissions that vi- 
brate friction pads. The vibrations set up "traveling waves" 
on the stator, turning the rotor pressed against it. 

The disc-type motor, which resonates at 72 kilohertz, can 
Store more vibration energy than the ring-type, which runs 
at a lower frequency of 28 kilohertz. This is because waves 
in the discs move along circular and radial paths. 

Matsushita says the prototypes of both of its new mo- 
tors have achieved an energy-conversion efficiency of 45 
percent, far outshining earlier models.—Dawn Stover 


To stop wasting energy press here. 


Only the Hunter Programmable Thermostat has a feature that'll help you manage your heating costs 
every day of the month. It’s called an Energy Monitor. 

At the touch ofa button, it displays the amount of energy you've used today, yesterday, this week and 
last week. So you can start controlling your energy usage immediately and save up to 35% on your heating 
and cooling bills. 

In fact, our thermostat saves 
so much, so quickly, it pays for itself 
injust a few months in most homes. 

And installing one takes only a 
screwdriver and about 30 minutes. 

For a free brochure about 
Americas #1 selling electronic 
programmable thermostat, write 
us at 2500 Frisco Ave., PO. Box 
14775, Memphis, TN 38114. Or call 
(901) 745-9222 for your nearest 
Hunter retailer. 

Needless to say, you won't be 
wasting your energy. 


PIEZOELECTRIC 
ELEMENTS VIBRATING STATOR 


DRAWING BY CHARLES BERGER 


Hunter Fan Company • Building The Best For Over 100 Years. > 


Ceiling Fans « Air Conditioners « Thermostats • De-Humidifiers • Humidifiers Thermostats 
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NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

* Approximate Royalty Rates Man- 
ufacturers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 
Patenting 

Our reason for giving атаў information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
таш will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-71 Fre- 
mont, Ohio 43420. 


г Gis THIS COUPON 1 
I 


p Mr. К.О. Kessler. President 

g Kessler Sales Corporation 1 
Dept. D-71 Fremont, Ohio 43420 

W Please mail me the FREE booklet explaining E 

F how to go about selling my invention. This 8 
does not obligate me in any way. I am enclos- g 

Ё ing $1 for postage and handling. so rush the 

Bf booklet by return mail 

LI 

L| 

L| 


Name. 
Street Address. 


I city. State. 
| —— 
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Alternate-Energy Answers 


By JAN F. KREIDER 


Jan F. Kreider is a consulting engineer specializing in the design and economic 
analysis of solar-energy and energy-conservation systems. He is the author of 
Several books on solar technology and 2 lecturer at the University of Colorado. 


Gas-heater setback savings 


Because both my wife and I work, the 
only hot water we use is usually con- 
sumed around 10 or 11 p.m. Is there 
a practical way of setting back my gas- 
fired water heater during our absence? 

Joseph Poli, Old Bridge, N.J. 


Two years ago I fielded a question on 
this subject [PS, Jan. '85], and I re- 
plied that turning off the heating ele- 
ment was a good way to save electricity. 
This advice is appropriate for electric 
water heaters, but the saving would be 
small if the water heater was well in- 
sulated or if the heater was in a rela- 
tively warm space. For gas heaters, the 
best approach is to thoroughly insu- 
late the water heater as well as the pip- 
ing near the water heater. Putting a 
setback on the water heater, which 
could be overridden during weekends 
and vacations when you need hot water 
at times other than 10 p.m., is too 
costly. 


Window-vapor cure 


I have a small breakfast room with 
skylights. One of the panes has leaked 
and water vapor condenses between 
the glass panes. New windows are 
very costly. What should I do? 
Gerson Jacobs, Greenbrae, Calif. 


A repair is difficult. One remedy that 
has worked for some people involves 
drilling two small (1⁄2 inch) holes from 
the outside of the assembly to the space 
between the glazings. This allows dry 
outdoor air to circulate slowly and re- 
move humidity that has collected. It is 
important not to drill these holes from 
the inside of the building. 


No-pump solar system 


I want to make a rooftop solar hot- 

water system with a solar collector 

and holding tank. Is it possible to de- 

sign the system so that no pump is 
required to circulate the water? 

Bruce Hildreth 

South Lake Tahoe, Calif. 


Thermosiphon systems are easy to 
build if you remember a few details. 
First, place the bottom of the tank 
about one foot above the top of the col- 


lector. All piping must slope upward 
and be well insulated. Finally, be sure 
that the pipe risers within the collec- 
tor are not horizontal. In the Lake 
Tahoe area such a system will freeze 
in winter. If you plan to use your 
mountain house year-round, a differ- 
ent approach will be needed for win- 
ter water heating. 


Geothermal A/C 


I have been trying to find an air con- 
ditioner that can operate from geother- 
mally heated liquid. The only system 
I could discover is no longer on the 
market because of high cost. Could you 
tell me what is available? 
Daniel Gurta 
Flat Rock, Mich. 


There is one company marketing these 
units. They can be used with geother- 
mal fluid between 167 and 212 degrees 
F. Contact American Yazaki, 13740 
Omega Rd., Farmer's Branch, Texas 
75244; (214) 385-8725. Be advised that 
the cost is quite high compared with 
that of standard residential units on 
a dollar-per-ton basis. 


Kraft-paper vapor barrier? 


The attic of my house has only six 
inches of kraft-backed insulation above 
the ceiling. If I add more insulation, 
will the existing kraft paper serve as 
an adequate vapor barrier? 

Karl Wurst, Prospect, Conn. 


Old kraft paper will not serve as an 
adequate vapor barrier. You should in- 
stall a continuous vapor barrier above 
the existing insulation before adding 
the new material. This is essential to 
avoid deterioration of the insulation 
and the attic from moisture damage. 


Underground-pipe info 


Im having a difficult time finding 
information on the use of underground 
pipes for cooling and heating. The 
system I'm interested in passes air 
through pipes for precooling or pre- 
heating. Can you help? 

Glen H. Hobbs, Longview, Texas 


Some of the most recent, careful work 
on this problem has been done by 


Dr. Yogi Goswami at North Carolina 
A&T State University, in Greensboro, 
NC. If you request his recent articles 
and send a multiple-stamped, self- 
addressed envelope, you are certain 
to receive some interesting reading 
material. 


Earth-cooled air 


I want to use the 50-degree-F ground 

temperature three feet below the 

ground to cool hot summer air from 

90 degrees. How many feet of pipe are 
needed? 

Robert Coburn 

Stony Brook, N.Y. 


There is some research underway at 
the University of Colorado that will in- 
clude the answer to your question in a 
more general way. At this time all we 
have are some data collected by Yogi 
Goswami at North Carolina A&T 
State University (see previous answer). 
In one experiment he was able to cool 
230 cubic feet of air per minute from 
90 degrees and 40-percent relative 
humidity to 70 degrees and 70-percent 
humidity with an 80-foot length of 
12-inch plastic pipe. Note that this 
was just an isolated test. During sum- 
mer, the below-grade earth will warm 
and the available cooling effect will 
diminish. 


Three-pane window's worth 


Are three-pane insulated windows 
worth the extra cost? I was told that 
you would have to live to be 100 to 
get your return. 

Nora Klosowski, Bolivar, Ohio 


To answer this question, I will illus- 
trate the method of calculation step by 
step. One approach to this problem is 
to calculate the extra money you can 
afford to pay for the extra pane of glass 
if it must be paid for in fuel savings. 
The amount of energy saved by using 
a three-by-five-foot triple-glazed win- 
dow is about 2.2 million Btu in your 
location (24 x 15 sq. ft. х 6,000 degree- 
days). Gas costs about $6 per million 
Btu. Therefore, triple-glazing one win- 
dow saves you $12 per year. If the win- 
dow has a life of 10 years, you can 
afford to spend $120 for it. This very 
simple approach ignores fuel inflation 
and the time value of money, but you 
can use it to roughly evaluate feasibil- 
ity quickly. 


Do you have a question about energy conservation or home 
heating and cooling? Every other month Jan Kreider answers 
selected questions from readers. Send yours to Energy Ques- 
tions, Poputar Science, 380 Madison Ave., New York, N.Y. 
10017. Queries can't be answered by mail. 


Feed your battery-eating monster 
Eveready^ Rechargeables. 


When you've got Eveready Rechargeables 
you don't have to run out and buy fresh batter- 
ies. Eveready Rechargeables re-charge over- 

night, up to 1,000 times. 
It's like giving your battery-eating monsters 
free meals. 
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PS car fest 


Rotary rocket 


With its turbocharged rotary engine and self-steering rear suspension, the Mazda 
RX-7 Turbo offers a unique approach to sports-car performance. 


By TOM WILKINSON 
Photos by Greg Sharko 


ometimes the world’s car makers 
S seem just like a class of fourth 
graders taking a math test. Each 
cautiously peers over the others' shoul- 
ders, desperately hoping the answers 
they're copying are at least half right. 

Then there's Mazda. Like the quiet 
kid who sits in the back, the auto 
maker from Hiroshima has never been 
afraid to find its own solutions. 

In the early 1970s, the company 
poured millions into developing Felix 
Wankel's rotary engine. There was just 
one snag: The rotary was fuel thirsty. 
And when buyers saw the economy 
numbers for the RX-3 sedan, they 
shunned Mazda showrooms, leading to 
a drop in sales that almost ruined the 
company. 

But Mazda buckled down and 
switched to piston engines for its small 
sedans. It also hurried development of 
a rotary-powered sports car. In 1978, 
the first RX-7 rolled off the line—a 
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cheap, fast, feisty two-seater that filled 
the void created by the failure of MG 
and Triumph. 

For 1985, the RX-7 was completely 
redesigned. It's now faster, more re- 
fined, more forgiving, and, unfortu- 
nately, more expensive. The $21,000 
price tag for the top-of-the-line RX-7 
Turbo puts it at the edge of territory 
occupied by the Chevrolet Corvette 
and Porsche 924S and 944S. As the 
gleaming white test car arrived, I 
couldn't help but wonder: Can this 
brash young kid from Hiroshima re- 
ally compete with such sports cars? 


Performance and panache 


It didn't take long to discover that, 
at least as far as performance goes, 
the answer is yes. On the test strip at 
Stewart Airport, in Newburgh, N.Y., 
the RX-7 Turbo proved it could hold 
its own with just about any car in the 
world. Zero-to-60-mph times averaged 
7.4 seconds. Only five cars— Porsche 
944 Turbo, Camaro IROC-Z, Corvette, 
Mustang GT, and Nissan 300ZX Turbo 


—have been quicker in recent POPULAR 
Science tests. 

Perhaps as impressive as its test 
numbers was the way the turbo- 
charged rotary rocketed through the 
gears. In fact, things happened so 
quickly during full-throttle accelera- 
tion that I found it hard to keep up. 
When I floored the gas pedal, the en- 
gine rushed toward the red line. Be- 
fore I knew it, the warning buzzer was 
screaming that Га passed 6,500 rpm, 
and it was all I could do to upshift 
before the computer interrupted en- 
gine power just 1,000 rpm later. 

No matter what the situation, the 
Mazda rotary had almost none of that 
infamous turbo lag. True, if you floor 
the throttle at 55 mph in fifth gear, 
nothing much happens. But downshift 
into fourth, and power builds smoothly 
from about 2,500 rpm. 

The secret to this lack of lag? Mazda 
avoids asking too much from the tur- 
bocharger. Some car makers pump 
eight or 10 pounds of boost into a four- 

Continued 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


^. OBE "ae 
per cigarette, FTC Report Feb.'85 > 


cylinder engine pulled straight from 
an ordinary sedan, then seem sur- 
prised when the engine acts like some 
milquetoast kid who’s occasionally 
given a huge jolt of hormones. The 
rude behavior that results from this 
strategy is enough to give turbocharg- 
ers a bad name. 

In contrast, the RX-7’s power comes 
as much from the potent rotary as it 
does from the turbocharger. Boost is 
held to a modest 6.2 psi at normal 
driving speeds, and actually tapers off 
to just 5.4 psi above 6,000 rpm. Aided 


by an intercooler, which helps cool the 
compressed intake air, the two-rotary 
turbo Wankel generates 182 horse- 
power, plenty for a car that weighs a 
bit over 2,800 pounds. 

Unlike its acceleration, the RX-7’s 
braking wasn't breathtaking, but it 
was still good. The four-wheel discs 
hauled the car down from 60 mph in 
160 feet, and at at no time did I de- 
tect any fade. For 1987, anti-lock will 
be an option, making the brakes even 
better. 

In the handling tests, the RX-7 


CHANNELLOCK Pliers Are American Made. 
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Turbo was superb. The slight amount 
of self-steering built into the rear sus- 
pension (see diagram) seemed to make 
the car respond immediately to the 
driver's wishes. This quick turn-in, 
combined with the wide, stiff 205/ 
55VR16 Goodyear Eagles, helped make 
the RX-7 Turbo the fastest car ever 
through the PS slow-speed slalom. 

Unlike some cars that breeze through 
instrumented tests and then clutch at. 
the first sign of a winding road, the 
RX-7 proved as good on the highway 
as it was at the test strip. The driv- 
ing position is excellent, and the car's 
light weight and relatively low win- 
dowsills make it feel much less tank- 
like than a Porsche 928 or Corvette. 
The engine, clutch, and brakes are 
smooth and responsive, as they should 
be on a sports car. 

The only flaws were the seats and 


BUSHING DEFORMS 


LATERAL LOAD < 0.4 G 
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See: M a 
Mazda uses deformable bushings in the 
rear trailing arm and hub to provide a 
touch of self-steering. In gentle turns, 
the outer bushing of the trailing arm 
compresses, allowing the outside wheel 
to toe out slightly. This makes the car 
change direction quicker. In hard cor- 
ners, a bushing on the hub deforms, 


allowing toe-in, which helps keep the 
rear end from sliding out. The slalom 
test shows that the system works. 


the shifter. The bucket seats were 
great at holding the driver and pas- 
senger in place during hard corner- 
ing, but the cushions were so hard 
they had the occupants squirming 
after 15 minutes on the freeway. And 
no matter what I did, the shifter sim- 
ply refused to be rushed. Moved gently, 
it felt sure under hand, but quick 
shifts caused it to hang up every time. 


What price perfection? 


Although its performance is near 
perfection, the RX-7 Turbo isn't yet the 
equal of a Porsche. The differences are 
small—mostly a matter of aesthetics 
—but they're what separate the cars 
at the top. 

Take, for example, the rotary en- 
gine. Though it runs beautifully, it has 
a harsh mechanical tone that just 
doesn't sound correct next to the sharp 
rasp of a good four or the earth-shak- 
ing rumble of a big V8. 

Another unsettling sound is a sharp 
thump from the suspension every time 
the car hits an expansion joint or 
patch in the pavement. There appears 
to be plenty of wheel travel, judging 
by the RX-7's well-composed behavior 
on rough roads. But it seems the wiz- 
ards of Hiroshima haven't yet figured 


START YOUR OW! 
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TEST RESULTS DIMENSIONS (inches) 
eration (sec.) Wheelbase 95.7 
0-30 mph. 25 Overall length 168.9 
0—60 mph. 74 Overall width 66.5 
Brake test, 60-0 mph Overall height 49.8 
Stopping distance (ft.) 160 
Pedal pressure, cold (Ibs.) EAT ds Nay 
(0.5-G stop) at Displacement (cu. in. liters) 801.3 
рле е ee 14 renot P, 
stop) Net horsepower (rpm. 182 « 6,500 
Handing test (mph) m Net torque (Ib.-ft.) ( rpm 183 o 3,500 
репери NE а 5 Transmission 5-speed manual 
Interior noise (dBA) Brakes Disc-disc 
At ide 53 Curb weight (Ibs.) 2,850 
At 60 mph n F/R weight distribution (%) ma 
EPA FUEL MILEAGE (mpg) Fuel tank (gal.) 16.6 
Highway 23 Base price $20,195 
City 17 Price as tested $21,040 
* Not available at press time. 


out how to filter out the initial jolts. 

Finally, there’s the interior. The test 
car had a tasteful mix of cloth and 
vinyl, and the quality of the materi- 
als was excellent. The cockpit would 
have been first-rate on the $14,000 
version of the RX-7, but it didn't live 
up to the performance—or the price 
—of the Turbo. 

If this sounds like nit-picking, it is. 
Most drivers will love the RX-7 Turbo, 
and I can think of a dozen car mak- 
ers that would sell their stockholders 


to Carl Icahn to have a coupe this good 
in their line. It’s just that the car per- 
forms so well you want Mazda to go 
that last 10 percent and make it a 
true alternative to the Porsche 9448. 

It's time for Mazda to do a little 
cheating of its own, by leaning over 
Porsche's shoulder and copying its en- 
gine refinement, shift precision, ride 
compliance, and cockpit comfort. My 
guess is that's exactly what they're 
doing right now in Hiroshima. And 
when they're done... 
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Wrangler outwardly resembles the older CJ-7 Jeep. But its all-new design is 
intended to provide more on-road comfort without sacrificing off-road toughness. 


By JACK KEEBLER 
Photos by Greg Sharko 


riving a Jeep Wrangler regu- 
D larly on the street makes about 

as much sense as pounding 
nails with a pipe wrench. The Wran- 
gler and the wrench get the job done— 
but each keeps reminding you that it's 
the wrong tool for the job. 

On the other hand, the wrench will 
drive a nail, and you can tighten a 
loose pipe besides. The Wrangler will 
provide around-town transportation, 
and it positively shines when the pave- 
ment ends. But like the wrench, using 
the Wrangler requires some serious 
compromises. (If you're nervous about 
getting stuck, check out the growing 
number of affordable 4WD passenger 
sedans and wagons.) 

Iscraped the Jeep's skid plates dur- 
ing off-road junkets on weekends, com- 
muted between home and New York 
City, quizzed Jeep engineers, and fi- 
nally ran the Wrangler through the 
regular gauntlet of instrumented 
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PoPuLaR Science braking, accelera- 
tion, handling, and noise tests. Here's 
what I found out about the Jeep's on- 
road and off-road ability. 


Strip- and street-wise 


The same design features that make 
the Wrangler one of the world's best 
off-road vehicles handicap its perfor- 
mance on the test strip. For example, 
the 258-cubic-inch six cylinder has 
gobs of torque at low engine speeds 
for creeping up steep trails. But the 
in-line six lacks high-rev power (see 
specs), and it quickly ran out of breath 
during the acceleration trials. 

The other thing the Jeep quickly 
ran out of was room in the brake lane. 
Despite careful modulation of the 
brake pedal to prevent wheel locking 
and skidding, the lightly loaded rear 
tires skipped and slid across the black- 
top, causing minor tail-wagging and 
stops that averaged 186 feet. (When 
the CJ-7 was last tested in the PS, 
July '83 issue, it posted a stop of 185 
feet with the same type of minor rear- 


axle instability.) Weight transfer due 
to the Jeep's height and its off-road 
chassis design was largely responsi- 
ble for this rear-end looseness, and the 
monstrous P225/75R15 mud and snow 
tires aggravated the stopping problem. 
Not designed for getting maximum 
bite on asphalt, these tires are more 
at home on dirt, snow, or loose rocks. 
Similarly, the tires were obviously 
not at home in the high-speed lane- 
change test. In fact, as the Jeep shot 
through the lane-change maneuver, I 
could watch shadowy plumes of rub- 
ber dust jet off the rear tires. These 
tires look great and work well in dirt, 
but they wear rapidly on vehicles that. 
are driven primarily on the street— 
particularly if driven aggressively. 
Aided by its narrow track, the Jeep 
managed an adequate performance in 
the high-speed and low-speed tests, 

and I noted no dangerous behavior. 
Some Jeep design features make 
Wrangler convenient and easy to use 
around town, while others point up 
Continued 
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Jeep Wrangler rolls gently during the PoPuLAR Science low-speed tests. 


just how specialized for off-road du- 
ties it is. 

One of the first things I noticed 
when driving the Jeep was the light- 
ness and quickness of the steering. 
Lane changes were a wrist quiver 
away. Combining Wrangler's short 
overall length with this well-boosted 
power steering made curb-side park- 
ing quick and neat. 

The view from the driver's seat was 
terrific. I found being able to see up 
to four cars ahead in heavy traffic a 
real bonus for braking and lane 
changes. Of course, this view comes 
at a price. It's 31 inches from the 
ground to the seat cushion, and a step 
cast into the Jeep's side makes the tran- 
sition from the ground to the bucket 
only somewhat easier for shorter driv- 
ers. Once in the buckets, driver and 
passenger discover thick cushions that 
compensate slightly for the Wrangler's 
hard and jouncy ride. 

The six-cylinder engine and five- 
speed Peugeot-Aisin manual transmis- 
sion provided adequate  on-road 
performance. But the 4.2-liter engine 
was relatively thirsty and didn't like 
lower-octane unleaded gasoline. On 


hot days, the engine spark-knocked 
during hard acceleration unless it was 
fed premium fuel. Fitted with a two- 
barrel carburetor, five-speed manual 
transmission, and lower-ratio trail 
gears, the Wrangler's mileage hovered 
between 17.5 and 22 mpg. 

Because the drive line must handle 
the stump-wrenching low-end torque 
from the six and be able to start on 
steep hills, Jeep installed a heavy-duty 
clutch. The result, despite its smooth 
hydraulic action, was a tiringly heavy 
pedal, especially in traffic or on steep, 
rocky grades. 

Although the Wrangler's interior 
has been greatly upgraded over the 
bare-bones interior in the original CJ, 
it is still distinctly noisy and spartan. 
At stoplights I could hear the individ- 
ual rockers tapping on the camshaft 
lobes. Adding to the cacophony of 
whining gears, suspension creaks, and 
tire thumping was the lack of a head- 
liner, even in the hardtop. Just as in 
its soft-top-equipped brothers, you can 
hear the soft patter of raindrops danc- 
ing on the roof. On the other hand, 
the top sealed tightly against the body, 
with virtually no wind whistles. 


POPULAR SCIENCE TEST RESUL 


TEST RESULTS DIMENSIONS (inches) 
Acceleration (sec.) Wheelbase 93.4 

0-30 mph 3.9 Overall length 152 

0—60 mph. 14.4 Overall width 66 
Brake test 60-0 mph. Overall height 69.3 

Stopping distance (ft.) 186 
Pedal pressure, cold (Ibs.) ictal ht 

(0.5-G stop) 15 Engine јуре... Incline six 
Pedal pressure, МӘ (be) Displacement (cu. іп. йез) . 258/4.2 

(0.5-G stop) 19 induci 2bbl 
Handling test (mph) 63 Net horsepower (« rpm 112 « 3,000 
Maneuverability test (mph) 30.5 Net torque (Ib.-ft.) & трт... 210 & 2,000 
Interior noise (dBA) Transmission LE 5-speed manual 

At idle 52 - - Disc-drum 

At 60 mph 76 Cubweghtübs) |... 3,022 

F/R weight distribution (%) ... 52.5475 

EPA FUEL MILEAGE (mpg) Fuel tank (gal.) 20 
Highway 21 Base price $9,899 
City... 47 Price as tested $14,705 
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Storage is no problem in the Wran- 
gler. The glove box is an adequately 
sized rectangular hole in the instru- 
ment panel, with no door. There's also 
a large, lockable plastic box about 
eight inches wide, 20 inches long, and 
nine inches deep attached to the trans- 
mission tunnel. A Jeep engineer 
pointed out that the box can be filled 
with ice for beverages. (There's even 
a drain hole in the bottom for ice-cube 
meltdown.) The carpets are attached 
with Velcro fastening tape for easy re- 
moval and cleaning. But these sepa- 
rate pieces shifted all over, exposing 
the sheet-metal floor as passengers got 
in and out. 

Jeep engineers have bragged about 
Wrangler’s new automotive-style in- 
strument panel. Essentially, it’s a four- 
inch-thick piece of molded plastic 
attached to the same piece of vertical 
sheet steel that was the instrument 
panel in the CJ. A large, easily read 
tachometer and speedometer, plus a 
row of smaller engine gauges that 
stretch, literally, out of sight over to 
the passenger’s side, are set into the 
panel. Jeep says this is because the 
same panel is used for right-hand- 
drive vehicles. 


Off-road hero 


There are few vehicles at any price 
that could follow—let alone lead—a 
Wrangler on a tough off-road trail. 

The drive line is a perfect example 
of a Jeep system designed for trail ri- 
ding. The Jeep’s 4WD system is called 
Command-Trac. It features a two- 
speed part-time New Process 207 
transfer case. It provides a shift-on- 
the-fly capability, which allows the 
driver to go from 2WD to 4WD while 
maintaining the momentum to ford a 
stream or blast through a deep mud 
bog. 

The same stiff suspension (five 
leaves in back and four in front) that 
jiggled and shook passengers on the 
street soaked up deeply rutted dirt 
roads and eroded trails. And the heavy 
body-on-frame construction that hurts 
fuel economy provided strength and 
flexibility during some  rock-trail 
climbing that felt like it would pop 
the welds on a unit-body vehicle. 

Although much of the Wrangler’s 
on-road awkwardness was caused by 
its tall ride height, I found that height 
to be an oil sump-saving blessing on 
rock-studded trails. In fact, I measured 
8% inches of clearance between the 
ground and the differential seam. So, 
when it’s getting dark and clearing 
the differential over some sharp rocks 
makes the difference between sleep- 
ing on the trail or home in bed, the 
too-tall Wrangler begins to look pretty 
good—perhaps even graceful. us 


Increase your knowledge about all aspects of electronics 


TROUMESICOTING AND 
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An absolutely no-risk guarantee. 
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INTEREST 


AUDIO/VIDEO 
COMMUNICATIONS 


1820. Protecting Electronic Equipment 
From Electrostatic Discharge 516.95 


1420. The Handbook of Electronic 
Safety Procedures $17.95 


1108P. Lasers, The Light Fantastic 


COMPUTERS 
& TECHNOLOGY 


Paper $9.95 
1899. Computer Users Guide to Elec- 
tronics $24.95 


2671. Artificial Intelligence: Theory, 
Logic and Application $18.95 


1211P. The Complete Handbook of 
Videocassette Recorders—2nd Edition 

Paper $12.95 
1977P. Troubleshooting and Repairing 
Satellite TV Systems Paper $18.95 
1984P. Step-by-Step Telephone Installa- 
tion and Repair Paper $9.95 


1632P. Satellite Communications 


Paper $12.95 
1602. Expert Techniques for Home 
Video Production $15.95 


PROJECTS E 
800P. Master Handbook of 1001 Practi- 
cal Electronic Circuits Paper $19.95 


Фф THEORY 1734. The Automotive Security System 
_ юш —— Design Handbook $18.95 

1498P. The Build-It Book of Electronic 
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Paper $16.95 17% E к, Lighting And Power 
$18.95 
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tronics Paper $8.95 


pe 


. TV Fi N 
1133P. The Active Filter Handbook best dee iro 


Handbook Paper $10.95 
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tronic Circuits Paper $21.95 (Publisher's Prices Shown) 
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Electronic Projects 

An exciting collection of practical 

projects that you can build simply, 
= quickly, and from readily available 

and inexpensive parts! 


a $6.95 value! 


Membership Benefits + Big Savings. In addition to this introductory 
offer, you keep saving substantially with members’ prices of up to 50% off the 
publishers’ prices. • Bonus Books. Starting immediately, you will be eligible 
for our Bonus Book Plan, with savings of up to 80% off publishers’ prices. « Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with hundreds of titles to choose from. • Automatic Order. If you 
want the Main Selection, do nothing and it will be sent to you automatically. If 
you prefer another selection, or no book at all, simply indicate your choice on the 
reply form provided. + Ironclad No-Risk Guarantee. If not satisfied with your 
books, return them within 10 days without obligation! « Exceptional Quality. 
All books are quality publishers’ editions especially selected by our Editorial Board. 
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Print it or copy it on this 
double-duty printer 


I lifted the top, slipped in a piece of 
paper, and pressed the “copy” button. 
In seconds, a duplicate of my original 
work came out of the side of the ma- 
chine. You're not impressed? I was 
—but I knew that this photocopy ma- 
chine was actually a laser printer 
made for use with a personal computer. 

The Xerox 4045 CP combines two 
office machines in one. In its copy 
mode it creates letter- or legal-size 
black-and-white copies of originals. In 
its printing mode it becomes a high- 
speed, high-quality laser printer that 
serves up to five computers at the 
same time. 

Attaching the printer to my PC was 
as simple as removing the cable from 
my old printer and plugging it into 
the 4045. (The printer has Centronics 
parallel, Dataproducts parallel, and 
serial connections.) But when I first 
turned on the 4045, a sheet of paper 
shot out onto the stacking tray. I 
learned that each time the printer is 
switched on, it prints a status sheet 
of switch settings, print styles, and 
available memory. According to the re- 
port, my printer had a whopping 512 
kilobytes of memory. 

Why so much? The memory is used 
to hold the information needed to cre- 
ate different print styles (fonts). As 
many as 90 different fonts—from Old 
English to futuristic custom designs 
—can be stored, and up to 22 of them 
can be used on a single page. The 
printer comes with two built-in fonts; 
others are available on disk for $150 
to $250. But the real memory hog is 
the 300-by-300-dot-per-inch resolution 
used for printing charts and other 
graphic images. At that resolution, 
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one square inch of print uses about 
11,000 bytes of memory. 

To try the printer, I entered an or- 
dinary text editor into my computer, 
By typing special keys, you give the 
printer special instructions, such as 
center a line, right justify, overstrike 
а character, print in boldface, or change 
type fonts. For example, I wanted to 
prepare several letters in which my 
return address was to be printed in 
boldface characters. To do so, I entered 
the escape character plus the letter “b” 
before the address, and escape “p” after 
the address. Result: near print-shop 
quality. (If you don't want to remember 
escape codes, the latest versions of 
several word-processing programs, in- 
cluding Microsoft Word and Wordper- 
fect, have direct commands for special 
printing features.) 

The most impressive thing I noticed 
about the 4045 was its lack of noise. 
Unlike impact printers that strike the 
paper to make a character, the 4045 
uses a beam of laser light to draw 
characters on the drum of a xero- 
graphic copier, which then rotates to 
print an entire page at once. 

The 4045 CP is also impressively 
fast: I clocked the printer at 10 pages 
per minute. 

The paper tray holds 250 letter- or 
legal-sized sheets of copy paper. Stan- 
dard stationery can be used, but it 
tends to wrinkle slightly from heat 
created inside the printer. 

The 4045 is designed to handle as 
many as 10,000 pages a month. At 
that quantity—and at $5,395 for the 
basic machine with the copier option 
—the 4045 CP is aimed squarely at 
business use.—Donald B. Trivette 


HOW 
| 
WORKS 


With traffic radar and Rashid VRSS both trans- 
mitting on the same frequency (24.150 GHz), 
normal receiver technology can't tell one from 
the other. Even when you scrutinize K band with 
a digital spectrum analyzer, the two signals look 
alike (Figure 1). 

We needed a difference, even a subtle one, 
the electronic equivalent of a human fingerprint. 
Magnifying the scale 100 times was the key 
(Figure 2). The Rashid signal then looks like two 
separate traffic radars spaced slightly apart in 
frequency, each being switched on and off several 
thousand times a second. 


Resisting the easy answer 

Knowing this "fingerprint" it would have 
been possible—although not easy—to design a 
Rashid-recognizer circuit, and have it disable the 
detector's warning section whenever it spotted a 
Rashid. 

Only one problem. With this system, you 
wouldn't get a 
warning if radar 
were ever operat- 
ing in the same 
vicinity as the 
Rashid. Statisti- 
cally this would 
be a rare situation. 
But our engineers 
have no interest ЇЇ тшш two indvidual signal 
OO percent OMS mmummumm 

When the going gets tough... 

The task then became monumental. We 
couldn't rely on a circuit that would disregard 
two K band signals close together, because they 
might be two radars. We couldn't ignore rapidly 
Switched K band signals, because that would di- 
minish protection on pulsed radar (the KR11) and 
“instant-on.” 

Awhole new deal 

The correct answer requires some pretty 
amazing “signal processing,” to use the engi- 
neering term. The techniques are too complex 
to go into here, but as an analogy of the so- 
phistication, imagine going to a family reunion 
with 4.3 million attendees, and being able to find 
your brother in about a tenth of a second. 

Easy to say, but so hard to accomplish that 
our AFR (Alternating Frequency Rejection) cir- 
cuitry couldn't be an add on. It had to be inte- 
grated into the basic detection scheme, which 
means extensive circuitry changes. And more 
paperwork for our patent department. 


RASHID. 


EE 
If you own an ESCORT or PASSPORT: The new AFR circuitry 
is incorporated in ESCORTs from number 1,200,000, and 
PASSPORTS from 550,000. If your unit is earlier, read on. 


Radar warning breakthrough #4 
is now available from the same engineers 
who made #1, #2, and #3 


Baa news for radar detectors. The FCC (Federal 
Communications Commission) has cleared the 
Rashid VRSS for operation on K band. 


What's a Rashid VRSS? 

The Rashid VRSS is a collision warning sys- 
tem using a radar beam to scan the vehicles 
path, much as a blind person uses a cane. It 
may reduce accidents, which is very good news* 


Now for the bad news 

Unfortunately, the Rashid transmits on K 
band, which is one of the two frequencies 
assigned to traffic radar. Rashid speaks a radar 
detector's language, you might say, and it can 
set off detectors over a mile away. 

Faced with this problem, we could hope 
Rashid installations will be few. Or we could in- 
vent a solution. 


Opportunity knocking 

Actually, the choice was easier than it 
sounds, because our engineers are in the habit 
of inventing remarkable solutions. In fact, іп the 
history of radar detection, only three advance- 
ments have qualified as genuine breakthroughs, 
and all three came from our engineers. 

Back in 1978, they were first to adapt dual- 
band superheterodyne technology to the prob- 
lem of traffic radar. The result was ESCORT, 
now legendary for its performance. 

In 1983, when a deluge of cheap imported 
detectors was found to be transmitting on radar 
frequency, our engineers came through again, 
this time with ST/O/P", a sophisticated circuit 
that could weed out these phony signals before 
they triggered an alarm. 

Then in 1984, using SMDs (Surface 
Mounted Devices), micro-electronics originally 
intended for satellites, these same engineers 
designed the smallest detector ever. The result 
was PASSPORT, renowned for its convenience. 


жЕог more information on Rashid VRSS collision warning 
system, see Popular Science, January 1986. 


They sald it couldn't be done 

Now we're introducing breakthrough num- 
ber four. In their cleverest innovation yet, our 
engineers have found a way to distinguish 
Rashid from all other K band signals. It's the 
electronic equivalent of finding the needle ina 
haystack. The AFR" (Alternating Frequency Re- 
jection) circuit isolates and neutralizes all 
Rashid signals, yet leaves the radar detection 
capability undiminished for your protection. 


No walting for the good stuff 
When testing proved that AFR was 100 
percent effective, we immediately incorporated 
it into ESCORT and PASSPORT. Our policy is to 
make running changes—not model changes— 
whenever a refinement is ready. That way our 
customers always get the latest science. 


RADAR 


RASHID 
Figure 1: A digital spectrum analyzer scanning the entire widt 
of K band can't see the difference between radar and Rashi 


AFR is fully automatic. There are no extra 
switches or lights. Nothing for you to bother 
about. The Rashid problem simply goes away. 

Last year Road & Track called us “the 
Industry leader in detector technology:’ We in- 
tend to keep earning our accolades. 


We make shopping easy too 
Call us toll free. We'll answer all your ques- 
tions. If you decide to buy, we'll ship the next 
business day at our expense. For $6.00 extra, 
Federal Express will deliver to you within two 
business days of shipment. 


If you're not completely satisfied within 30 
days, return your purchase. We'll refund all your 
money, including return postage, no questions 
asked. 

We specialize in breakthroughs. Can we 
make one for you? 


Order Today 


TOLL FREE...800-543-1608 
(Phone M-F 8-11, Sat 9-5:30, Sun 10-5 EST) 


Ber 


By mail send to address below. All orders 
processed immediately. Prices slightly 
higher for Canadian shipments. 


PASSPORT 


RADAR*RECEIVER 
d 


Pocket-Size Radar Protection $295 
(Ohio res. add $16.23 tax) 


д 
RADAR WARNING RECEIVER 
SS 


The Classic of Radar Warning $245 
(Ohio Res. add $13.48 tax) 


Cincinnati Microwave 
Department 61617 

One Microwave Plaza 
Cincinnati, Ohio 45296-0100 


© 1986 Cincinnati Microwave, Inc. 


Cincinnati Microwave is committed to constant advancement 
in radar warning technology. Therefore, we are working out a 
plan to offer upgrades for most pre-AFR models (PASSPORTS 


under number 550,000, and ESCORTs from 200,000 through 
1,199,999). For complete details, please send a card with your 
name and address (no calls, please) to our special facility at 


the following address: AFR Retrofit, P.O. Box 498947, Cin- 
cinnati, Ohio 45249-8947. We will promptly forward a packet 
with comprehensive information on the retrofit program. 


What’ 


New 


products/technology 


BY DAWN STOVER 


4 Flapper windmill 


A landlocked sail, unfurled 
in all but the strongest 
winds, flies a counter- 
weighted beam up and 
down, pumping water. Af- 
ter each stroke, the sail flips 
to catch the wind. The wind- 
mill is at Windfarm Museum, 
RFD #2, Box 86, Martha’s 
Vineyard, Mass. 02568. 


a 
Diver to diver 


Divers can talk to each other 
or someone above on the 
wireless Scubaphone. Its sin- 
gle-sideband signal mini- 
mizes extraneous noise. A 
surface station with two 
headsets costs $4,830. Orca- 
tron Mfg., Tilbury Industrial 
Park, 14-7550 River Rd., Del- 
ta, B.C. V4G 1C8. 


76 Euro muscle 


European Ford's Sierra RS 
Cosworth hits 60 mph in just 
6.5 sec. Its 204-hp engine has 
a twin-cam 16-valve cylinder 
head, turbocharging, and 
multi-point fuel injection. A 
massive rear wing and deep 
chin spoiler enhance aerody- 
namics. Ford has no import 
plans for the U.S. 


4,738 mpg [9 


Canadian Challenge X, built 
by University of Saskatche- 
wan engineering students, 
now holds the world record 
for fuel economy. The 84-Ib. 
car uses a 70-cc Honda en- 
gine and three high-pressure 
bicycle racing tires. The ver- 
tical airfoil gives it near-zero 
drag in crosswinds. 
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c 
Tactical airlifter 


Lockheed-Georgia's airlifter 
is one concept the Air Force 
is studying for 21st-century 
short-range transport. The 
design uses eight direct-lift 
turbofan engines (four are 
shown in cutout) for vertical 
takeoff and landing. Other 
turbofans in the aft fuselage 
supply power during cruise. 


+ 
ss 
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Heavy-duty magnet 
Mighty Magnet weighs only 
2 Ibs. but lifts 200. Use it to 
hunt for treasure, retrieve 
submerged objects, or clear 
debris from streams. It’s 
coated with polyvinyl chlo- 
ride to resist corrosion and 
chipping. Edmund Scientific 
Co., 101 E. Gloucester Pike, 
Barrington, N.J. 08007. $27. 


e 
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Temperature chart» 


Settle disputes with your 
landlord, or monitor rooms 
to regulate heat distribution. 
This $148 recorder creates 
charts of temperature vari- 
ations over 24-hr. or seven- 
day periods. A $425 unit 
also measures humidity. The 
Dickson Co., 930 S. West- 
wood Dr., Addison, Ill. 60101. 


Two-faced watch 


Change your image with a 
flick of the wrist, or mark 
time in two zones. One side 
of this $49 reversible time- 
piece has an analog dial; the 
other has a digital display, 
calculator, alarm, and stop- 
watch. Innovative Time 
Corp., 6054 Corte del Cedro, 
Carlsbad, Calif. 92008. 


Space factory 


The Industrial Space Facil- 
ity, a venture of Space Ind. 
and Westinghouse Electric 
Corp., should be ready for 
launch by late 1990. The 
2,500-cu.-ft. cabin orbiting 
200 miles above Earth may 
be the first manned perma- 
nent structure for research 
and manufacturing in space. 


Sports truck 


Nissan converted its basic 
pickup truck to a sport util- 
ity wagon. Built in Japan, 
the five-passenger two-door 
Pathfinder combines carlike 
features with off-road capa- 
bility. Adjustable suspen- 
sion, 4WD, and 10.4 in. of 
clearance handle rugged 
ground. Base price: $15,399. 


|0 Walking shoe 


For walkers, KangaROOS 
U.S.A. paired filament-and- 
foam Dynacoil cushioning 
with a flexible fore-foot. A 
support harness provides a 
snug fit across the arch, and 
a notched heel tab protects 
the tendon. The leather ($65) 
or duramesh ($55) shoes 
have a reflective trim. 
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What’s New 


in Home 
Improvement 


BY STEVEN ASHLEY 


Year-round porch ù 


Replacing insulated window 
panels with screens converts 
Sun-Porch from a cozy sun- 
space in winter to an airy 
porch in summer. The 3-ft.- 
wide aluminum wall modules 
need no foundation. Tri-U.S. 
Energy, 130 Commerce Dr., 
Hauppauge, N.Y. 11787; a 
6-by-9-ft. unit is $2,135. 


E: 


4Wire-shelf support 
Standard wire shelves and 
racks can be installed eas- 
ily with Toggler Wire Shelf/ 
Rack anchors. Screw-on re- 
taining clips are attached to 
the anchors to secure the 
fixtures in place. Mechanical 
Plastics Corp., Box 328, 
Pleasantville, N.Y. 10570. 


N Price: $17 for 50. 


This $25 Under-Bed Shoe 
Drawer stores away up to 
eight pairs of shoes. The eas- 
ily assembled particleboard 
unit has wheels for easy ac- 
cess. A clear vinyl cover 
with quick-release fasteners 
keeps dust out. Maker: The 
Hirsh Co., 8051 N. Central 
Park Ave., Skokie, Ill. 60076. 


<> 
Even-heating stove 


Senfield Inc. (4154 S. Sheri- 
dan Dr., Muskegon, Mich. 
49444) says its $1,095 Oak- 
land wood stove heats 
houses more evenly than 
other units. Air is drawn 
into the top through exist- 
ing heat ducts, warmed in a 
chamber next to the firebox, 
and expelled out the bottom. 


Leakproof skylight 
Rather than a curb that 
can dam up water flow, the 
Standing Seam Skylight has 
vertical risers on the sides to 
form channels for water run- 
off. It also has no through- 
fasteners. A 2-by-4-ft. unit is 
$150 from Kenergy Corp., 
3647 All American Blvd., Or- 
lando, Fla. 32810. 
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3 BOOKS, 3 BUCKS. 
NO COMMITMENT. 
f"*  NOKIDDING. — 


*672 
Hardcover: $16.95 
QPB: $8.95 


Try QPB. You'll find a wealth of reading 
to choose from at very affordable prices. 
QPB books are softcover editions in 
hardcover sizes, durably bound and printed 
on fine paper. But they are priced up to 
6096 less than their hardcover counterparts. 
More books, fewer bucks. Join QPB. 


267. The Timetables of History 
Bernard Grun 
Hardcover: $29.95 QPB: $12.95 


*734. The Little, Brown Book 


752 
-—9 of Anecdotes 
Har SPB: $12.50 | Clifton айтап, General Editor 


Hardcover: $29.95 QPB: $12.95 


418. Comet. Carl Sagan and 
Ann Druyan 
Hardcover: $27.50 QPB: $14.95 


*739. The Only Math Book You'll 
Ever Need 


Problems. Stanley on an, Ph.D., 
and Barby 


Hardcover: 


*512. The Second Creation 
ets of the Revolution in 20th- 
rury Physics. Robert P. Crease and 
les C. Mann 

Hardcover: $25 QPB: $11.95 

*293. Irish Folktales 


Edited by Henry Glassie 
Hardcover: $19.95 QPB: $9.95 


523 
QPB: $10.95 


518.95 QPB: $8. эз 

ionary of Modern 

English Usage. Second Edition 
омет. Revisedand f7 


137. Aristotle for Everybody 
Difficult Thought Made Easy. 
Mortimer J. Adler 

Hardcover: $11.95 QPB: $6.95 
647. A Passion for Excellence 
The Leadership Difference. 


Tom Peters and Nancy Austin 
Hardcover: $19.95 QPB: $8.95 


| Let'stry i other for6 months. 
Quality Paperback Book Club®, РО. Box 8804 
Camp Hill, PA 17011-8804 

Please enroll me in QPB and send the 3 choices I've listed below, billing 
me only $1 each, plus shipping and handling charges. | understand that | 
am not required to buy another book. You will send me the QPB Review (if 
my account is in good standing) for six months. If I have not bought and 
paid for at least one book in any six-month period, you may cancel my 
membership. A shipping and handling charge is added to each shipment. 
Indicate by number | 
your 3 choices. ] 


738 
QPB: $12.95 


Hardcover: $17.95 | 
РВ: $6.95 1 


#726. Arctic Dreams 
Imagination and Desire 
ina Northern Landscape 
Barry Lopez 
Hardcover: $22.95 QPB: $9.95 


ij 

1 

! 
401. Bloom County Babylon: Five | Name 1-16 
Years of Basic Naughtiness. (Please print clearly) вив 
Berke Breathed ! Address Apt. 
Hardcover: $24.95 QPB: $9.95 | 
291. Time and Again | City State Zip. 
Jack Finney. QPB: $7.95 П Prices generally higher in Canada. All orders subject to approval. 


E © 1986 Quality Paperback Book Club. 1 


1 charges. 


737. A Day ata Time: The Diary 
Literature of American Women from 
1764 to the Present. 

Edited by Margo Culley 

Hardcover: $29.95 QPB: $9.95 


408. Heritage of 


Hardcover: $22 95 
QPB: $11.95 


SHERLOCK HOLMI 


How membership works. 

1. You receive the QPB Review 
15 times each year (about every 
3% weeks). Each issue reviews a 
new Selection, plus scores of 
other books. 

2. If you want the Selection do 
nothing. It will be shipped to you 
automatically. If you want one or 
more of the other books—or no 
book at all— indicate your deci- 
sion on the Reply Form always 
enclosed and return it by the date 
specified. 

3. Bonus books for Bonus 
Points. For each softcover book or 
set you take (except for the books 
in this offer), you earn Bonus 
Points which entitle you to choose 
any of our softcover books. You 
pay only shipping and handling 


4. Return privilege. If the QPB 
Review is delayed and you receive 
the Selection without having had 
10 days to notify us, you may 
return it for credit at our expense. 
5. Cancellations. You may cancel 
membership at any time by notify- 
ing QPB. We may cancel your 
membership if you elect not to 
buy and pay for at least one book 
in any six-month period. 


3 The first 
ОРВ 


book club 
for smart 
people 
who 
aren’t rich. 


HOW TO MAKE 


ANIMATED 


116. $19.95 


* 178. $29.95 
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MEM HU 


4538. $29.95 6056. $17.50 
(counts as 2) 


POPULAR SCIENCE BOOK CLUB 
#1 FOR DO-IT-YOURSELF 


The Best How-To Authority . . . PSBC is the largest and 
oldest special-interest book club serving successful do- 
it-yourselfers more than 25 years. 

The Best Do-It-Yourself Books . . . PSBC editors comb 
the country searching for the finest, often hard-to-find 
books on today's important homeowner topics: 
WOODWORKING * HOME REPAIR & IMPROVEMENT 
* WIRING, PLUMBING, HEATING, AIR CONDITIONINI 
* APPLIANCE REPAIR * RESIDENTIAL CARPENTRY 
REMODELING • WIRING • HOUSE BUILDING 
ENERGY * METALWORKING * AUTO REPAIR 
much more! 


Exclusive "Popular Science Books”. . . PSBC serves its 


* 4569. $14.95 
Paperbound 
Big Bargains — UP TO 75% DISCOUNT. . . PSBC saves 
you plenty on hundreds of special book bargains offered 
throughout the year to the membership. 


|! Quality Production Standards. . . PSBC selections ard 
printed with careful attention to detail on paper, print 
^ ing, binding. You'll use these books for years. 


3 SKILL BOOKS-Count as 1 NO-RISK GUARANTEE...PSBC guarantees you 
complete satisfaction — or you may return your joining 
books at our expense. 


Monie Bucy Mi 
4 89.19.95 6075. $16.95 6027. $14.95 5882. $19.95  5831.919.95 * 109. $15.00 5944. $16.95 
If card is missing, write to: POPULAR SCIENCE BOOK CLUB • Р.О. Box 2006, Latham, N.Y. 


AND DO IT RIGHT! 


and save up to $91.90! 


with NO-RISK Free Trial membership 
in Popular Science Book Club 


You simply agree to buy just two more books in a year. 


he 


The BENCHTOP REF- 
ERENCE gives you instant 
answers to hundreds of 
no" questions. 

оп Woodworking, Joinery, 
Dowels, Veneers, Laminates, 
Fastening, Sharpening, 
Grinding, Concrete, Electrical 
work, more! 48 big 8x1034 


pages. Allilusrated! Super 
andy and indispensable! 


HOW POPULAR SCIENCE 
BOOK CLUB WORKS 


ENJOY SAVINGS UP TO $91.90 МОМУ. . . when 
you take any 3 selections here for just $3.95 plus 
delivery and handling. Simply indicate your 
choices on the attached postage-free card and 
mail. 


CLUB MEMBERS’ BULLETINS... . Fifteen times 
a year you'll receive a Club Member's Bulletin 
package describing the coming Main Selection 
and nearly 100 additional books you may choose 
from. In addition, up to 4 times a year, you may 
receive selected mailings on seasonal and annual 
снов of interest to members. If you want the 

lain Selection only, do nothing; it will be sent to 
you automatically. If you want another book—or 
по book — indicate your wishes on the form provid- 
ed and return by date shown. You will always have 
atleast 10 days to do this. Should the bulletin ar- 
rive late and you receive an unwanted selection, 
you may return it at our expense. 


UP TO 75% DISCOUNTS. . . Club prices range 
from $5.99 for special book bargains offered at su- 
per savings up to 75% and even more. . . all the 
way to richly-produced, very special books that list 
as high as $50 and тоге — all offered to members 
at exclusive Club discounts. 


FREE GIFT with cancellation privilege. . . You 
may cancel your membership at any time after 
buying just two more selections of your choice 
within a year. To try this no-risk, no-obligation-to- 
buy offer, mail the attached card—a valuable 
FREE GIFT is yours to keep just for looking. Mail 


the card now! 6033. $27.95 


(counts as 2) 


AMERICAN SHAKERS 
. THEIR FURNITURE. 


k 113. $15.95 233. $16.95 
MAIL ATTACHED CARD TODAY! 


5993. $17.95 5997. $19.50 6022. $16.95 
Paperbound 


5985. $17.95 5739. $17.95 


190. $29.95 


(counts as 2) 


5973. 
$27.95 
(counts as 2) 


5984. $29.95 
(counts as 2) 


What's New 
in Tools 


BY V. ELAINE GILMORE 


Great joints 


Team your М-їп. router with 
the Model 1600 Keller Dove- 
tail System, and you can 
make perfect dovetails, it's 
claimed. The $169 price in- 
cludes 16-in. templates and 
two router bits with guide 
bearings. Robert Larson Co., 
82 Dorman Ave., San Fran- 
cisco, Calif. 94124. 


c 
Fog-free helmet 


When you're in the slipstream 
of a snow blower, you need 
serious headgear. This hel- 
met is made of impact-resist- 
ant nylon, and its plastic 
windshield is double-glazed 
to prevent fogging. A canvas 
flap protects your neck. Ham- 
macher Schlemmer, 147 E. 57 
St., New York, N.Y. 10022; $50. 


© 


Fits the odds 


The Lenk Model DG300 drill 
guide keeps your drilling 
straight even on odd-shaped 
stock. Its base is V-grooved 
to fit edges and cylinders, 
and is undercut to sit on 
spheres. The $10 price in- 
cludes bushings for four 
drills. Wall Lenk Corp., Box 
3349, Kinston, N.C. 28502. 


a 
Sharp words 


With a few strokes of this 
totable tool you can sharpen 
hunting knives, pocket 
knives, kitchen knives, and 
more. Accusharp’s two tung- 
sten-carbide sharpeners, set 
at a 42° included angle, do 
the job. Made by Fortune 
Products, Box 1308, Friends- 
wood, Texas 77546, it’s $12. 
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a 
Mini sander 


At 1% lbs., Black & Decker's 
Model 7445 sander is less tir- 
ing than big machines for 
vertical and overhead jobs. 
A quarter-sheet of sandpa- 
per fits the felt sanding pad. 
Specs: 15,000-orbits-per-min. 
speed, 1.7-amp motor, all- 
ball-bearing construction. 
Price: $56. 


oa 
Maxi sander 


The Performax S/T Sander 
converts a radial-arm saw 
to a pro-size sander—at a 
home-size price: $180. The 
22-in. drum sands stock up 
to 44 in. wide. (Here the hous- 
ing is cut away to show the 
drum.) Performax Specialty 
Products, 17065 Judicial Rd., 
Lakeville, Minn. 55044. 


Its new American-made 10- 
in. table saw is priced to 
compete with the imports, 
says Shopcraft. The saw 
boasts an 11.5-amp motor, 
19-by-28-in. die-cast alumi- 
num table, self-aligning rip 
fence, and 3-yr. warranty. 
Shopcraft, Box 639, Dayton, 
Ohio 45449; $149. 


Authorized 


BRASS BANKER’S LAMP 


Remarkable savings on a factory 

new Brass Lamp, overstock. 

* Solid Brass Construction. 

* 10"W Hand-Blown Glass 
Shade. 

ө Stands Approx. 13" Н. Fluted 
Column. 7" Diameter Base. 

* Uses 60W Bulb (Not Incl.) 

* Pull Chain Switch. U.L Listed. 


Compare At ... .550.00 


em 919 


Item H-1979-7002-835 
Shipping, handling: $4.50 ea. 


PADDED BAR STOOLS 


Be seated in style! Get TWO Bar 
Stools at savings, due to special 
arrangements! 
* Contemporary Styling with Oak 
Trimmed Natural Cane Backs. 
* Brass Plated Tubular Steel "S" 
Frames for Strength/Great 
Looks. 

€ Thick 3" Polyfoam Padding with 
Beige Velour Cover. Seat: 30" H. 


Compare At .. $119.00 


Price Per Pair. . 59 
Item H-1979-7068-851 


Shipping, handling: $9.00 pair 


PULSE WATCH 


Aspecial acquisition arrangement 

makes this Pulse Monitor Digital 

Watch available at super savings! 

* Opti-Sensor "Reads" Your 
Pulse Based on Every Five 
Heartbeats. 

* Doubles as a Clock, Stopwatch 
and Checkpoint Alarm. 

* Alarm Warns You if Pulse Rate 


is Too High. 
Compare At ... „579.50 


кш $38 


Нет H-1979-4520-003 
Shipping, handling: $3.50 ea. 


Toll-Free: 1-800-328-0609 


SEND ME THE ITEMS | HAVE LISTED BELOW 


Sales outside 48 contiguous states are subject to 
special conditions. 


Liquidator 


REFRACTOR TELESCOPE 


Reach For The Stars! See exciting heavenly wonders leap 
into dramatic focus with this precision Cometron® Telescope 
by famous Celestron®. Due to a surplus inventory, you can 
save at a price BELOW dealer cost! Look into this fine 
portable . . . Order TODAY! 


* 62mm Clear Aperture, Plus 300mm Focal Length. 

* Fully Coated 25mm (12x) Eyepiece, Plus 6x30 Finderscope. 

* Smooth Rack and Pinion 1%" Focuser for Easy Adjustments. 

* All-Metal 1272" High, Adjustable Tabletop Tripod for Steady 
Viewing. 

* Lightweight, Only 6 Ibs., 8 oz. in Its Own Carrying Case. 

Ф A Fine Instrument for Clear Moon and Planet Closeups. 

* Makes a Great Gift for Aspiring Astronomers. 


Five-Year Limited Factory Warranty Parts/Labor. 


Item H-1979-7054-968 Ship, handling: $7.50 each 


Credit Card customers can order 
by phone, 24 hrs. а day, 7 days a week. eo 


SEND TO: - Мет Н-1979 

C.0.M.B. Direct Marketing Corp. 

1405 Xenium Lane N/Minneapolis, MN 55441-4494 

Send items indicated at left (Minnesota residents add 6% sales tax. Sorry, no COD) 

О My check or money order is enclosed. (No delays in processing 
orders paid by check.) 

Charge: O VISA® O MasterCarde О American Express® 

Acct. No. Expl 

PLEASE PRINT CLEARLY 

Name 

Aadress 


What’s New 
in Electronics 


BY WILLIAM J. HAWKINS 
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$ 
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Portable copier 


About the size of a portable 
typewriter, Canon’s PC-3 is 
an on-the-go copying ma- 
chine. Copies can be made 
in one of five colors—black, 
red, blue, green, or brown 
—depending on the cartridge 
you use. The copier is $695. 
The black cartridge is $75; 
the other colors, $80 each. 


< 
Pocket multimeter 


Teston’s Checkman Mini is 
a pocket-size auto-ranging 
digital multimeter that mea- 
sures 2 V to 450 V AC/DC, 
two kilohm to two megohm 
resistance. Its display is a 
3'^-digit, 0.4-in.-high LCD. 
Made by Siber Hegner North 
America, 5 Landmark Sq., 
Stamford, Conn. 06901; $28. 


PC projector 


Put Kodak's Electronic 
Transparency on an over- 
head projector, and you can 
show the images you create 
on an IBM PC or PC-compat- 
ible computer. The trans- 
parency is an LCD screen 
that attaches to the comput- 
er's color adapter board. 
Price: $1,270. 


Auto FM/CD 


Far from home? Press a but- 
ton on Pioneer's $850 DEX-77 
car stereo system. A Best 
Station Memory scans and 
stores the strongest FM sta- 
tions for news and weather. 
Later, switch back to music. 
A Last Address Memory re- 
members where to restart its 
built-in CD player. 
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J| Low-cost laser 


A laser printer for $865? 
That's the price per user, 
says Okidata, because the 
$2,595 Laserline 6 can be 
shared by up to three com- 
puters. (A single-user ver- 
sion is $2,195.) The printer 
comes with 15 built-in fonts 
and a 128-kilobyte memory. 
Speed: six pages per min. 


c 
Sat TV descrambler 


Choose a satellite TV chan- 
nel, and Drake's all-in-one 
earth-station receiver does 
the work: An antenna-posi- 
tioning circuit aims the dish, 
proper polarity and audio 
formats are selected, and a 
built-in VideoCipher II un- 
scrambles the picture. Model 
ESR2400 is $1,500. 


How the East plans to destroy 
the VEE 


SS ae = 

Ze 

ы 

Yours FREE goat „ше, 
with membership. dius t 
Sov Ei Quickly and brutally—using tactical weapons 
of mass destruction. 
Ae. The schematic shows how the Soviets view a 

Warsaw Pact-NATO confrontation. It will be a 

combined air-land battle. Both sides will be on the c 
offensive. And the Soviets will fight to win with TOSS 
bombers, tanks and nuclear missiles! 8 x 


Find out more about what the Soviets are `, 
doing right now to prepare for World War III. 
Get Soviet AirLand Battle Tactics— FREE. 


SSH ISLS 


4283 $1295 3129 ‘Spec. ed. - ed. j. 10851 $1295 10869 51295 10877 $1295 


WAR AS I 
KNEW IT 


THEDAY THEY 
ALMOST 


а 


THE ALLIED WAR IN 
RUSSIA 1918-1020. 


1941 $1695 


0091 $1695 


4648 $1995 4n3 $1695 +4705 $1095 4259 $1895 4739 $1995 


Soft Cover 
Plus З more books for 986 sihi, Military Book Club p 
I Dept. BT- 042, , Garden City, NY 11535 | 
Heres how the Club Plan works: You'll get 3 books for only 98¢ plus shipping and handling and your FREE Yes, please эссе application and send me the 3 books marked in 
We ev [E33 E BOOK d І 
BOOK— when accepted as a member. reserve the right to reject any application. Ht Ir, once accepted, the ‘below, cy pius m FREE B06 BOOK. Bill me only 98¢ pus shipping and handling for 
if you are not completely satisfied with your introductory books, return them within 10 days at our expense. the 3 books. | agree plan presented in this ad, and understand that | need 
Your membership will be cancelled and you will owe nothing. The FREE BOOK is yours to keep in any case. buy ust 4moreooks Mim E prices any me ал! dog t rer ун 
Huge selection: As a Club member, you'll have over 350 titles to choose from—a tremendous variety of the I ааа: y My mermba snp wil wil be can ll yA rhe | 
е" pres ^ books within 10 days at Club ех; p» 
vary best miitary books in print. Many feature rarely seen photos, ilustrations and maps. Many books are бее nothing, No maner what 1 decide, I may keep my FAI 
ult to find anywhere else. [p 
How you M save Lae Tu Club offers its үш m reser adini uie hay pb size to , #2659 [| 
special presses). Club editions save you up ‘off publishers’ r edition prices. A shipping ant 
handling charpe ie added y each eh et Non Vou ану oem Sov Arana Bete ccs pase choose nari | 
| Club magazine: About every 4 weeks (14 times a year) oul receive the fre Club magazine describing Mc П 
coming Selections) and Alternates, In addition, upto 4 times a year, you may receive offers of special Mrs. 
|. Selections, always at discounts of publishers prices. If you want the featured Selection(s), do nating — [Eo Beast a I 
Shipment wil be made automaticaly, f you prefer an Апет. от no book tal. indicate this on the order Address Apt. No. 
form and return it by the date specified. You'll have at least 10 days to decide. If you have less than 10 days, 1 1 
and you receive an unwanted Selection, you may return it at our expense and owe nothing. су — 7n 
The choca i always yours: Your опу obiigation в to take just 4 books at regular ow Club prices during the І 
| ext 2 years. You may resign any time after purchasing your 4 books, or continue to enjoy Cub membership | under 1, parent must sion. 1 
r as long as you li 


Members accepted in US A and Canada ony. Canadian members serviced fom 
Club editions save you up to 30% off publishers’ edition prices quoted above. Les nada where offer is slightly different 84-1 Moe! | 


What’s New 
for Your Car 


BY JACK KEEBLER 


No-wheels trailer 


Pakpak clamps onto a car’s 
trailer hitch, supported by 
a special backplate/strut. It 
eliminates reversing prob- 
lems and bouncing. The 
container has 12 cu. ft. of 
capacity. Eurosport Market- 
ing, Chandlery House, Bridge 
Wharf, Chertsey, Surrey 
KT16 8LG, England. 


Ù 


$ Dashboard espresso 


Brew two cups of espresso 
or heat 4 oz. of water to 180° 
F for instant coffee, tea, or 
soup. Automobile Espresso 
Maker ($79.50) mounts on 
the dash and comes with two 
thermal plastic cups. Ham- 
macher Schlemmer and Co., 
147 E. 57th St., New York, 
N.Y. 10022. 


Windshield wipes 


Twelve towelettes pre-mois- 
tenedwith a special cleaning 
solution come in a reseal- 
able pouch for quick win- 
dow, vinyl, chrome, head- 
light, or mirror cleanups. 
Made by Turtle Wax, Wind- 
shields Etc. should be avail- 
able in stores in late Febru- 
ary. Price: about $1.50. 
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4 Transmission cooler 


For every 20° Е rise over nor- 
mal temperature, the useful 
life of transmission fluid is 
cut in half. So for cars with 
smaller transmissions that 
do the same big jobs as yes- 
terday's cars, Fram has a 
line of transmission coolers 
for DIY installation. Four 
models begin at $40. 


9 Gas-charged shocks 


Monroe's new Formula GP 
gas-charged shocks are de- 
signed for high-performance 
street use. Sold in compu- 
ter-matched pairs, they are 
tuned for specific models. 
Monroe claims that if one 
shock is damaged, it can be 
replaced by an identical unit. 
Prices start at $136. 


a 

Anti-theft wheel 

The star-shaped Riken STX 
wheel features a lug cover 
that opens only with a mag- 
netically coded key. The 
cover not only foils thieves— 
it also hides the lugs or lug- 
bolt locks. Riken America 
Inc., Box 3698, Terminal 
Annex, Los Angeles, Calif. 
90051. Price: $100—$200. 


^. Scientific study ranks 


Noraic]rack И | 


QJ The Rank in Order of Exercise Efficiency: 
gd 1. NordicTrack 
4 { XC Ski Champion 2. An Exercise bike 
ogre Mert 3. A Rowing machine 
{ : 4. AShuffle type ski exerciser 
! К Scientific abstract available upon request 
= 


All Exercise Devices Were Tested 4 Times: 
at 3 different heart rates and at maximum work. 
Tests Measured: 
Volume of oxygen consumed which indicates calories burned. 


Data was scientifically analyzed at the University Human 
Performance Laboratory. 


; Results: 
осла: ро On all 4 tests, NordicTrack burned more calories and yielded 
Elevated Legs в Significantly greater cardiorespiratory workouts. 


Ë 
It’s Only Logical that NordicTrack Would Get the Highest Scores 


because NordicTrack is more complete than an Exercise Bike. 
NordicTrack adds important upper body exercise. 
NordicTrack provides more uniform leg muscle usage. 


Higher pulse rates, necessary for building fitness, seem easier to attain because 
more muscles share the exercise. 


because NordicTrack provides more thorough exercise than a Rowing Machine. 

Standing position involves more muscle mass than sitting position. 

NordicTrack uses large muscles of buttocks, thighs and calves to simultaneously 
bear body weight and work against resistance. 

NordicTrack resistance is proportioned to individual muscle strength. 
Stronger legs use greater resistance. 
Arm resistance can be set at lighter setting separately. 

NordicTrack is safer — no high back strain loads are imposed. 


because NordicTrack has inertial resistance not available on a Shuffle-Type Ski Exerciser. 
Flywheel provides life-like feeling; Smooth, Continuous. 
Other “ski” exercisers without flywheels use only frictional resistance. 
Result is stop-start calisthenics-like feeling. 
NordicTrack's clutch system allows true ski striding motion. 
Other ski exercisers require less efficient shuffling motion. 
Burns Up to 600 Calories per 20 Minute Workout. 


a н К 1 
For effective weight control. А ^ м ^ ie, i-i n A \ 
Noraic rack Minnesota 612-448-6987 


эи 141PS Jonathan Blvd. North, Chaska, MN 55318 


1987 COMANCHE SPORTRL 
It's not only the newest 2-wheel drive 
Comanche pickup, it's also the most 
affordable vehicle Jeep builds. At just 
$6,495, SporTruck has the most 
powerful standard engine of any truck 
in its class... delivering an impressive 
121 horsepower. Plus, it's the only 
vehicle in its class with big 15-inch 
wheels and tires, standard. 


POWER: This year, Comanche comes 
with an all-new optional 4.0 litre 
Power-Tech Six engine that puts out 


173 horsepower and 220 foot-pounds of 
torque. That makes Comanche by far 
the most powerful truck of its kind. 
AWIDE RANGE OF VEHICLES 
Comanche gives you the choice of 
two-wheel drive or shift-on-the-fly 
four-wheel drive. And you can choose 
between the new shortbed model or 
longbed with the largest optional 


AND IT’S ALL JEEP. 


4-wheel drive payload capacity of 

any truck in its class. 

OTHER OPTIONS: Comanche 
already has a lot going for it. And 
there's a long list of available equipment 
that includes a responsive new 4-speed 
automatic transmission with overdrive. 
Check out the new SporTruck and all 
the other Comanche pickups. It’s the 
kind of truck just about anybody can 
afford. But it’s also the kind of truck 
only Jeep can build. 

sé 105. Manuf 


r's suggested retail prices ‘Title, taxes and 


pes, and options are extra. Price may change 


Jeep m Comanche 
Available in 2WD and 4WD 


What's News 


Popular 
science 


The first stage of the competition to 
design the next generation of fighter 
planes is over. The plane pictured on 
this page, designed by a team headed 
by Lockheed-California Co. and in- 
cluding General Dynamics and Boeing 
Co., is one of the winners. The other 
is a design proposed by a Northrop- 
McDonnell Douglas team. Each team 
will build a plane, and after tests, one 
of the versions will be selected to be- 
come the Air Force's next generation 


circle, compared with an 18.4-foot cir- 
cle achievable by the front-wheel- 
Steering model. At high speeds, the 
front and back wheels turn in the 
same direction to decrease cornering 
forces and allow quicker turns with- 
out skidding. This reduces the possi- 
bility of the rear wheels skidding and 
throwing the car into a spinout dur- 
ing violent evasive maneuvers. A com- 
puter takes into account the speed and 
amount of turn the driver is asking 


But no marketing plans have been 
announced. 


Letting the DAT out of the bag 


Manufacturers of compact audio discs 
have been trying to hold back the in- 
troduction of digital audio tape players 
because they don’t want to confuse 
buyers and eat into the sales of com- 
pact discs just as this new medium is 
getting established. Digital audio tape 


of fighters that will 
take this country in- 
to the next century 
["21st-century Super- 
fighters,” PS, Oct. 
'86]. Big money is at 
stake: The team that 
wins the ultimate 
competition will get to 
sell about $35 billion 
worth of planes to the 
government. 

The plane pictured 
here, like the others 
in the competition, 
will incorporate what 
a Lockheed press re- 
lease calls "low-ob- 
servable technologies" 
—which is code for 
stealth features. The 


[*DAT," PS, Aug. '86] 
has most of the ad- 
vantages of digital 
discs and, besides, can 
be used to record off 
the air or from origi- 
nal music. 

But while nobody 
wants to rock the CD 
boat, nobody wants to 
be left on the digital 
shore, either, when 
the DAT boat pulls 
out. So at the recent 
Japan Audio Fair and 
Japan Electronics 
Show, both held in 
Tokyo at the same 
time, an astonishing 
18 makers showed 
DAT recorders. Some 


ultimate fly-off and 
selection will take place in approxi- 
mately four years. 


Four-wheel fever 


Four-wheel steering [PS, Feb. '86] will 
arrive in the showrooms sometime this 
year. Mazda will offer the high-perfor- 
mance option on an all-new 626 due 
in the coming months. The 626 is the 
model that Mazda will manufacture 
in its U.S. plant now under construc- 
tion in Flat Rock, Mich. But four- 
wheel steering will first be offered in 
Japan by mid-1987. 

As PS Editor Herb Shuldiner ex- 
plained in his article last year, the 
front and rear wheels turn in oppo- 
site directions during low-speed turns 
to decrease the turning radius. Mazda 
says the new car will make a 14.1-foot 


for, then decides how much and in 
which direction to turn the rear 
wheels to achieve the best perfor- 
mance under the conditions. 

There's no estimate from Mazda of 
what the system will add to the cost 
of the car, although some observers 
have said the price might be in the 
thousand-dollar range. 

Competition is close behind. Honda 
is expected to introduce four-wheel 
steering on the 1988 Prelude; Nissan 
is known to be working on a system; 
and General Motors Corp. is serious 
about four-wheel steering, too. In fact, 
Mark Cocroft, a spokesman for the 
GM engineering staff, said the GM 
system, so far demonstrated on a Ce- 
lebrity and a Corvette, is beyond the 
research and development stage. 
“We're very serious about it,” he said. 


were in cases and not 
demonstrated; however, many were not 
only working but were available for 
visitors to try. Several of the manu- 
facturers said they expected to have 
their units on the market sometime 
in the spring. Prices, they said, would 
be higher than those of CD equip- 
ment. That's normal; new equipment 
always comes in at the top of the line. 
But if past experience is any guide, 
prices will start down almost from the 
day the equipment appears in the 
showrooms. 


Oré — 


Editor-in-Chief 
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time. 
t I sée Earth fining in 
iménsional space. Actually it 
is a profo-Earth, an infant planet 
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th a (glancing but cataclysmic blow, 
shearing off part of Earth’s mantle 
and disintegrating in the process. The 
* . violence of the collision generates so 
w much heat that great globs of matter 
. vaporize and jet into space, flying 
4 re around the now-deformed Earth in 
~ № е » T: 7 orit = 

> «Soon, however, the iron core of the 
> impactor, inexorably drawn by grav- 
ut ity, plows back ‘into Earth, and set- 
. = tles to the center, And slowly coalesc- 
ing in orbit about the new Earth is a 
clump of mantle material i 
particles. That iron-poor ma: 

newborn Moon. 

+ The celestial drama I have just seen 
is one version of what is now called 
the giant-impact theory of the Moon's 
origin. Originally propounded in the 
"mid-1970s, it was met with a recep- 
tion ranging from indifference to de- 
rision. Today, the theory is being 
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les per hour, it strikes" 


the vexing puzzle of, 
gin, a puzzle hundi 
As тесеп 
tronomers 
ing intractability 
1983, for example, Uni rsity. 
professor 6f astronomy 
chowski wrote, in his book The Solar 
System, “ш. . we have to admit an em- ^ 
CR o. uncertainty the 
Moon's origin.” x 
And Writing in the prel of the 
recently published Origin of the Moony, 
one of that volume's editors, astrono- 
mer William K. Hartmann of the 
Planetary Science Institute in Tucson, 
Ariz., summed up the genéral’ mood 
circa 1984 less gingerly: ^... the Moon 
continues to tease us. Where did the 
blasted thing come from? 


Computing is the answer 


Why the switch from massive un- 
certainty about the órigin of “the 
blasted thing" in a very brief time? 
The answer is testimony not only to 
the power and elegance of the sciens 
tific process but also to the stunning 
contributions of supercomputing to 
that process. For it is likely that with- 
out the efforts of two teams of scien- 
tists working with such computers at 
two national laboratories, the giant- 
impact theory would still be just a fil- 
lip to the lore of lunar evolution. 
Instead, it seems to answer many of 
the objections that have plagued the 
three classical theories of the Moon's 
origin. 

* The Apollo project was supposed to 
have enabled astronomers to select 
the correct theory of the three—but 
failed. Indeed, these theories have had 
a long and tumultuous history. Ste- 
phen G. Brush of the Univ 
Maryland calls them the *w 
ter" and “daughter” theo; 


Б | 


f became the satellite of the other. In 
"that case, the characteristics of thé 


' as the capture, Co-accretion gor d 


ble planet), and fissioh theories, 
one logically imposes certaim con- 


properties of the Moon, and on the 
Earth-Moon system. To the extent that 
they can be matchedjup with the 
known properties of Earth and its pe- 
culiar satellite, these theories are 
therefore testable. To see why they 


age is proba- 
i suggested 
on Laplace, "the French 


atician and astronomer who 
827. It simply states that 
and the Moon just happeried to 
dense, or ассгебе ut of the solar 
ebula in close proximity, so thatne 


‘two bodies, apart from mass, ought to 
Бе virtually identical. 
* "That constraint is removed, however, 
if the Moon were formed somewhi 


region's chemistry might be quite dif- 
ferent) amd then sailed close to Earth; 
dire to be captured and Set’ in, orbit 
by Earth's gravitational field." That 
idea was championed in this century 
by Harold Urey. 

Most esteemed in the popular imag- 
ination of the time was the fission 
theory. Sir George Howard Darwin, 
second son of the more memorable 
Charles, was an astrgnomer who made 
a particular study of the tidal forces 
in the solar system. In 1878, he pro- 
posed that while Earth was still liq- 
uid, forces set up by its own rotation, 
in conjunction with solar tides, cre- 
ated an unstable bulge at the equa- 
tor, whieh eventually ripped off to 
become the Moon. The idea was seized 
upon in 1882 by the English physieist 
Osmoni er, who reasoned that the 
immense basin of the Pacific Ocean 
was actually the scar of this ancient 
birth. But the acceptance of plate tec- 
tonics and continental drift has shown 
that the Pacific basin formed much 
more recently than 4.6 billion years 
ago. 

The fission theory itself was appar- 
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So, indeed, did’ ай 
theories up to the time of the 
program, despite the fact that 
one had grave difficulties.«In 
says A. G. W. Cameron, professor of... 
astronomy at the Harvard rvatory 55 
and a dean of American lunarexperts, » T 
“that was one of thé principaliscien- ^. 
tific objectives of Apollo—to resolve 
the pickle we were in." q 

Of course, astronomers knew some- 
thing about the Moon before Apollo. 
Telescopié and early spacecraft obser- 
vations, together with pi - 
culations based on 
Mogn's orbits, proyii 
satellite's size, pr Er апа so 
ой. About its chemical composition lif # 
tle was known, except’ that unlike , "= 
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per cubic centimeter; that of the Moon ўж 
is about 3.3 grams per cubic centirfie- 

ter, close to the density of Earth's man- 

tle rocks without iron. 


Buried treasure 


Beginning with Apollo 11 in 1969, ғ 
and ending when Eugene Cernan 
clambered into his Apollo 17 lunar 
module in 1972, the project provided 
a torrent of informatjon about the 
Moon and its chemistry. A total of 12 
astronauts walked on the Moon, scrab- 
bled through its rock and soil for 
treasure—and found it, retrieving 
some 850 pounds of rock, dust, and 


core samples snatched from beneath - 
the surface. sp 
The samples, declared geophysicist wr “se 


Eugene Shoemaker, were “an unprec- 
edented scientific bonanza. New tech- 
niques were applied and better anal- 4 - 
yses performed оп them than had ever = o 
been applied to Earth rocks" Many 
Scientists were ecstatic: J 
“The old Moon is dead,” chortledew™* 
Gerald Wasserburg, who headed a Cal- 
Continued 
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ifornia Institute of Technology labo- 
ratory (automatically dubbed “the lu- 
natic asylum”) that had a principal 
role in the Moon rocks’ analysis. 

But which theory would the findings 
support? Where was the Cinderella 
whose dainty foot the Apollo slipper 
would fit? 


Data don’t jibe 


As the deluge of results continued, 
one conclusion became disappointingly 
clear: None of the three theories pro- 
vided a perfect fit with the evidence— 
or even a very close one. Some of the 
chemical fingerprints of the Moon 
rocks supported one theory or another, 
but contradicted the other two. 

For example, abundances of some of 
the major elements in Earth's crust— 
silicon, magnesium, iron, manganese 
—were closely matched by the same 
elements analyzed in the Moon rocks. 
“They were similar enough,” says 
Henry J. Melosh, professor of plane- 
tary science at the University of Ari- 
zona, “that with a little chemical 
diddling you could say that on the 
basis of major elements the Moon and 
Earth are from the same parent body.” 

But then important differences be- 
gan to appear when researchers looked 
at refractory elements and their ox- 
ides. These are substances that are 
hard to vaporize, such as aluminum, 
calcium oxide, chromium oxide, and 
titanium. The Moon's crust contains 
twice as much or more of these sub- 
stances as Earth’s. 

So the investigators who looked at 
refractory elements, says Melosh, cried 
“Oh no, Earth and Moon are totally 
different. That rules out Darwin’s 
fission hypothesis. In fact, it rules out 
co-accretion, too.” 

Moon-rock analyzers found the most 
striking differences, however, in vola- 
tiles—things that are easy to vapor- 
ize, such as sodium and potassium. 
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The Moon has far less than Earth. 
And as for highly volatile water—for- 
get it. 

“Earth has a couple of percent water 
in its mantle rocks,” says Melosh. “The 
Moon has absolutely none. Not a sin- 
gle molecule of water has been found 
in any lunar rock. Oh, there was some 
excitement when one of the Apollo 
missions brought back what looked 
like a rusty rock. Now, rust is not just 
iron and oxygen, it’s iron and oxygen 
and water. So it seemed that finally 
there was some evidence for water on 
the Moon, and there was a big flap. 
But it turned out that the water had 
just come from a leaky rock box.” 

The results therefore seemed totally 
contradictory. The evidence of the re- 
fractories and volatiles ruled out fis- 
sion and co-accretion, but the major 
elements supported those theories and 
made capture unlikely. “The whole 
game was completely confused,” says 
Melosh. 

Cameron recalls that NASA pro- 
vided a grant to study how the ideas 
of participants in the Apollo rock 
analysis would change as the project 
proceeded. “A psychologist from the 
University of Pittsburgh came around 
and interviewed everybody at the be- 
ginning of the program to see which 
one of the classical theories the sci- 
entists believed in. Then as the results 
came in, he kept checking with the 
same people to see how these beliefs 
were changing. What he found was 
that people’s ideas hardly changed at 
all. The scientists involved tended to 
stick to what they believed in the 


These six frames from the movie described at the beginning of 
this article were generated by a supercomputer at Los Alamos 
National Laboratory. They simulate a 10-hr. span during a colli- 
sion between a Mars-sized body and a young Earth. Mantle ma- 
terial of both bodies is coded red; each iron core, purple. The 
impactor shears off part of Earth’s mantle and disintegrates, but 
its iron core plunges back to Earth (frame 5). In the last frame, a 
coalescing Moon made from mantle material is orbiting Earth. 


first place, and although data were 
flowing in by the gallon, it seemed поё 
to have much of an impact. 

“The data supported all three theo- 
ries to some degree, and conflicted 
with all of them—so you could take 
your pick. And that’s when things pe- 
tered out for a while, and interest in 
lunar origins tended to run along at 
a low level.” 

Then in the mid-1970s, another and 
very different theory of the Moon’s or- 
igin was advanced. 

Cameron and his colleague William 
Ward at Harvard were attacking an- 
other lunar puzzle: the angular mo- 
mentum of the Earth-Moon system. 
(Angular momentum is a measure of 
the product of the mass and rotational 
velocity of a spinning or orbiting body.) 
Pre-Apollo, astrophysicists knew that 
this quantity was unusually high, 
compared with any of the other ter- 
restrial planets. How did the Earth- 
Moon system get so much spin? 

“We came up with a very simple 
thought experiment,” says Cameron. 
“Suppose we had an initial Earth that 
wasnt spinning very fast, like the 
other bodies in the early solar system. 
And suppose we struck it with some 
impactor to spin it up. If we hit it in 
the most efficient way—tangentially, 
along the equator—how big would 


that impactor have to be? 
The answer comes out to be 
an object about the size of 
Mars traveling about 11 ki- 
lometers per second. Once we 
had that picture, its conse- 
quences became worth inves- 
tigating in their own right.” 

Cameron and Ward quickly realized 
that such a giant impact would va- 
porize a tremendous amount of mate- 
rial, and they evolved some complex 
routes by which this material could 
be put into orbit, eventually to form 
the Moon. 

(Quite independently, and at about 
the same time, Hartmann and Don- 
ald Davis were also advancing an im- 
pact theory. But theirs relied on a 
steady and random bombardment of 
small planetesimals colliding with 
Earth and spewing out vapor—a sce- 
nario that would not have solved the 
angular-momentum problem.) 


Another version of the giant-impact theory appears in this 
four-part sequence, generated by a supercomputer at San- 
dia National Laboratories by H. J. Melosh and Marlin Kipp. 
The cores of both Earth and the Mars-sized impactor are 
coded red; their silicate mantles, green. The collision takes 
place at the same time as the Los Alamos simulation—4.6 
billion years ago, and at about the same speed. Each frame 
is separated by about 5 min. From the intersection of the 
two bodies, a jet of vapor at some 12,000° F spurts out. 
The head of the plume exceeds escape velocity and leaves 
the vicinity of Earth. But the neck of the plume, consisting 
only of mantle material from both bodies, condenses into 
pebble-size rock fragments that orbit Earth. Eventually, this 
cloud of debris will fuse to form the iron-depleted Moon. 


The giant-impact theory was attrac- 
tive from the start because it was ca- 
pable of resolving all the conflicting 
evidence, both pre- and post-Apollo. 
First, a giant impact would have sup- 
plied the extra angular momentum of 
the Earth-Moon system. And if the im- 
pacting body were differentiated in 
much the same way that Earth was, 
with an iron core much denser than 
its mantle (a belief thoroughly con- 
sistent with current ideas of the for- 
mation of the solar system), then the 
absence of a large iron core within the 
Moon could be explained, too. 

“Before Apollo,” says Cameron, “we 


knew from various measurements that 
the mean density of the Moon was ab- 
normally low, so it had to be depleted 
in iron. But we didn't know just how 
small its iron core, if any, had to be. 

Continued 
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DRAWINGS BY NINA WALLACE 


Three conflicting classical theories of 
the Moon’s origin held sway before 
the Apollo program showed each had 
problems: George Darwin’s fission 
theory (1) held that a combination of 
forces from Earth’s spin and solar at- 
traction resulted in an unstable bulge 
that ripped off to become the Moon. 
The co-accretion, or double-planet, 
theory (2) held that Earth and Moon 
formed in the same part of the solar 
system, the Moon condensing from ma- 
terial surrounding Earth. And the cap- 
ture theory (3) stated that the Moon 
formed elsewhere but sailed close 
enough to Earth to be gravitationally 
captured and held in orbit. 
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That required the seismic experi- 
ments and other measurements car- 
ried out on the Moon during the 
Apollo Project.” 

(Earth’s iron core accounts for about 
33 percent of its mass. The upper limit 
on the Moon's iron core is about two 
percent.) 

If the impact sheared primarily 
mantle material from both bodies and 
vaporized it, then that would account 
for an iron-poor Moon. 

Volatiles? Most would be lost to 
space during the vaporization stage of 
the collision. Refractories, on the other 
hand, would condense out of the vapor 
early; the portion lost from Earth’s 
crust would therefore wind up in the 
lunar material. 

If the giant-impact theory seemed 
to explain much, it attracted little at- 
tention at first. 

“I wouldn't say there was any real 
hostility,” says Harvard’s Cameron, 
“there was just a lack of any real in- 
terest. I remember presenting a paper 
on the idea at a conference in Hous- 
ton. I showed a drawing of a round 
thing with a smaller round thing sit- 
ting on it to represent the scenario, 
and in the question period one of the 
astronomers got up and referred to my 
‘celestial Shmoo’ [the comical creature 
in the “1471 Abner’ comic strip]. It got 
a big laugh.” 

Over the next eight years, however, 
the laughing died down, and more and 
more astronomers became seriously 
interested in studying the impact the- 
ory. In October 1984, lunar scientists 
assembled in Kona, Hawaii, for a wa- 
tershed conference on the origin of 
the Moon. 

“The approach of the meeting stim- 
ulated some people to begin real cal- 
culations on the impact theory,” says 
Cameron. “In fact, I had been intend- 
ing to do some myself for several years, 
but the press of other things had in- 
terfered. There is nothing like an up- 
coming meeting to raise to the highest 
level the priority of something you’ve 
been wanting to do, so I went ahead 
and presented my findings in a paper 
at Kona.” 

It was clear even before the meet- 
ing that a great deal of attention was 
being devoted to the impact theory. 
“Indeed,” writes Hartmann, one of the 
organizers of the conference, “we were 
surprised by this unexpected conver- 
gence [on the giant-impact model] as 
we read the various abstracts that 
were prepared independently by vari- 
ous authors and submitted to us in 
mid-1984.” 

“T can only assume,” says Cameron, 
“that the shift occurred because the 
classical theories remained intracta- 
ble, and because more people saw 


merit in the impact theory for a vari- 
ety of reasons.” 

Not that there was anything like 
unanimity (there still isn’t). When 
John Wood of Harvard gave a talk on 
the various theories, he assigned 
them all academic grades, as if they 
had been turned in by students. “He 
gave the giant-impact theory an ‘In- 
complete,’” Cameron remembers, “and 
that was fair because there was a lot 
of work left to investigate its validity.” 


Los Alamos and the Cray 


Enter the supercomputer. Cameron 
himself had done only simple analy- 
ses carried out on his own PC. But a 
month after Kona, in November 1984, 
he went to Los Alamos National Lab- 
oratory to talk about the whole prob- 
lem of the Moon's origin and to discuss 
his presentation at Kona. That vis- 
it had important consequences for two 
Los Alamos researchers and for the 
impact theory. 

Wayne Slattery, a former postdoc- 
toral student of Cameron's, said he 
would enjoy working on the theory as 
a relief from the sort of humdrum 
work he was doing, because he was in 
the weapons division and couldn't pub- 
lish anything he was doing there. 

Also present at the talk was Willy 
Benz, a postdoctoral student who had 
recently arrived from Geneva Uni- 
versity, where he had developed a 
computer code for the simulation of 
hydrodynamics—fluid motions—in 
three dimensions. It was much more 
effective than conventional techniques. 
He was running the code on one of 
Los Alamos's several Cray supercom- 
puters to investigate stellar collisions, 
his chief interest. 

“When Cameron came here," Benz 
told me at Los Alamos, "I didn't have 
so much as an idea about the origin 
of the Moon... I really didn't care 
about it. But then Cameron presented 
some simulations of collisions using 
his own code, and I thought, well I’m 
smashing stars together in the astro- 
physics group, and I'm already doing 
collisions with my own more sophisti- 
cated code, so I thought it might be a 
good idea to work on the Moon prob- 
lem as well." 

What this happy coincidence al- 
lowed Cameron to do was to get Slat- 
tery and Benz to work together on the 
impact theory. "And that was essen- 
tial for any real progress to be made," 
Cameron explains, *because only very 
small amounts of supercomputer time 
were being made available to the 
theoretical-astrophysics people at Los 
Alamos. The attitude of the people in 
Slattery's weapons division, however, 
was that the kind of time we wanted 
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By BEN KOCIVAR 

ust storms ruined visibility; mechanical problems 
D crippled several transport helicopters; finally, one 
chopper crashed into a C-130 cargo plane during a 
refueling operation on the makeshift landing strip desig- 
nated Desert One. These events turned the attempt by a 
US. strike team to rescue American embassy personnel 
held hostage in Iran into an embarrassing failure. 

That ill-fated mission might have succeeded if trans- 
port aircraft larger than the C-130 could have airlifted a 
rescue force, including helicopters, directly to the Desert 
One landing strip—really nothing more than a lonely 
stretch of highway. Our giant C-5 Galaxies and the 
intermediate-size C-141 Starlifters require long hard- 
surface runways. The C-130 Hercules, which can operate 
on small, undeveloped fields, cannot carry large loads. 

To fill this gap, a brand-new cargo plane incorporating 
the latest in lift-enhancement and fuel-efficient technolo- 
gies is now being developed. 

Outwardly, the McDonnell Douglas C-17 looks like a 
typical cargo aircraft—a high-wing, four-engine, T-tail air- 
plane with a rear loading ramp. But the C-17 will be able 
to haul heavy payloads—including the giant M-1 main 
battle tank—over intercontinental distances. The short- 
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The C-17 transport aircraft will use blown-flap technology 
(top) to generate additional lift for slow-speed, short-roll 
landings. The engines push more air faster across massive 
titanium flaps to produce more lift than the aircraft’s true 
airspeed would provide to a conventional wing configura- 
tion. The directed-flow thrust reversers (bottom), which help 
slow the aircraft’s speed on approach, also duct engine ex- 
haust forward and upward so dust and debris is not kicked 
up and ingested by the four turbofan engines. 
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DRAWING BY ADOLPH BROTMAN 


Once driven from favor by large-displacement V8s and turbochargers, superchargers are 
now making a comeback as car makers search for more horsepower and better throttle 
response. Ford, Toyota, and Volkswagen all have supercharged sports cars on the way, 
and each has a unique approach to the engineering problems involved. 


By DAN McCOSH 
Detroit Editor 


y first ride in a prototype pow- 
M ered by a supercharged V6 
was a cacophony of sound and 
sensation. A barely audible whine 
greeted my ears as I tramped on the 
throttle, a dog-ear-perking whistle 
that’s been absent from the U.S. au- 
tomotive scene for some 30 years. As 
the car took off, it grabbed handfuls 
of rubber, running through gear 
changes that clunked solidly as the 
automatic shifted. This low-speed 
torque was a familiar feeling; it re- 
minded me of the big-block perform- 
ance engines of the 1960s. It was a 
pleasant surprise to someone used to 
today’s peaky, high-revving engines 
and to turbochargers that often lag 
half a second behind the throttle 
3 pedal. 
$ The key to this tire-smoking per- 
$ formance was a belt-driven blower— 
& a supercharger. Superchargers are 
§ nothing new, of course. They've been 
= around almost as long as the internal- 
3 combustion engine. But after being 
i displaced first by big V8 engines, then 
by exhaust-driven turbochargers, the 
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supercharger is making a comeback. 
Its promise of improved low-speed 
torque—exactly where the turbo- 
charger fails to please—has led mak- 
ers on three continents to plan super- 
charged models. 

Ford today is actively developing 
superchargers for production cars. 
Company insiders say the 1989 
Thunderbird will likely come with a 
3.8-liter supercharged V6 that pro- 
duces some 225 horsepower, nearly 
twice the output of today’s 3.8. And 
superchargers have already begun to 
appear in Japan and Europe. Toyota 
recently unveiled a supercharged ver- 
sion of its MR2 sports car, which goes 
on sale in Japan this year and will 
likely appear in the US. in a year or 
so. Meanwhile, Volkswagen has been 
selling a supercharged subcompact in 
Europe for a year, and is expected to 
introduce a 1.8-liter supercharged en- 
gine in the 1988 Scirocco. 

Superchargers are air pumps con- 
nected directly to the crankshaft by a 
belt. They improve horsepower and 
torque by pumping extra air into the 
engine in direct relationship to crank- 
shaft speed. This positive connection 
yields instant response, in contrast to 


turbochargers, which must overcome 
inertia and spin up to speed as the 
flow of exhaust gas increases. “The su- 
percharger is a way to get around 
turbo lag,” says Louis R. Ross, Ford’s 
executive vice president, technical 
staffs. 

Supercharging fascinated auto en- 
gineers even before they decided to 
steer with a wheel instead of a tiller. 
The 1906 American Chadwick sported 
a supercharger, followed by a variety 
of American and European efforts. Su- 
percharged Dusenbergs, Hispano- 
Suizas, and Mercedes-Benzes were 
giants among luxury-car marques, as 
well as winners on the race tracks in 
the '20s and '30s. Then, after World 
War II, supercharging started to fade, 
though both Ford and American Mo- 
tors sold supercharged passenger cars 
into the late 1950s. 

Using an external pump to pack ad- 
ditional air and fuel into the cylin- 
ders of an internal-combustion engine 
promises virtually unlimited horse- 
power. In the mid-1950s, a super- 
charged BRM Grand Prix engine 
kicked out over 600 hp from a mere 
1.5 liters. Even today, the search for 

Continued 


Based on the Roots design, Eaton’s 
blower (right) goes through lab tests at 
the company’s proving ground. Eaton 
Corp. is among the leaders in develop- 
ing superchargers for passenger-car use. 
say that Ford will use an Eaton 
on the 1989 Thunderbird. 
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Supercharging and turbocharging both 
raise power output. But Eaton engi- 
neers note that torque peak occurs 
lower rpm with supercharging, provid- 
ing more torque during normal driving. 
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Among the Eaton Corp. test fleet is 
a supercharged Buick Regal. John 
Yakimow of Eaton (right) discusses the 
installation with the author. 


raw horsepower keeps superchargers 
spinning at the drag strip, where 
production-based V8s, boosted by over- 
sized truck superchargers, can produce 
thousands of horsepower for a few 
brief seconds. 


Controversy and competition 


Yet there is genuine controversy sur- 
rounding supercharging for cars in- 
tended for day-to-day use. Critics point 
to fundamental problems including 
poor fuel economy, lack of durability, 
and intake noise. Solving these prob- 
lems has led engineers working on su- 
percharging to take a variety of 
approaches. 
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There is also a serious rival to the 
directly driven supercharger—the fa- 
miliar turbocharger. Turbocharging 
proponents say that using exhaust-gas 
pressure to spin a turbine, which in 
turn drives the compressor, taps less 
engine horsepower than a mechanically 
driven supercharger. And engineers for 
companies like Chrysler and Porsche 
believe that the turbo's inherent 
weaknesses—mainly lagging throttle 
response and lack of power at low en- 
gine speeds—can be worked out 
through improvements in technology. 

Still, Eaton Corp. sees the super- 
charger as a real alternative to the 
turbo. To see how far its program to 
develop a production supercharger has 
come, I visited Eaton’s Marshall, Mich., 
proving grounds, where the company 
is testing a new supercharger in a va- 
riety of cars. 

“We began the program in 1977, 
when the energy crunch was on,” John 
Yakimow, Eaton's engineering and 
marketing manager, told me. But how, 
I wondered, could a hot-rod part like 
a supercharger look good in the dark- 
est days of the energy crisis, when the 
motoring public was anxiously selling 
its traditional V8s, and Detroit engi- 
neers were slashing pounds from cars 
and cubic inches from engines—all in 
the name of fuel economy? 

The answer was the ability of su- 
percharging to selectively add horse- 
power where needed, such as when 
passing a truck, then to switch off for 
cruising on the freeway, when fuel 
sipping seemed in order. “We saw 
the same advantages as Bendix,” 
Yakimow said, naming another com- 
pany that tried to sell supercharging 
to Detroit during the late 1970s. 

But development of the super- 
charger was relatively slow for several 
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reasons. One was the theory that says 
that although a supercharged engine 
can develop staggering power for a 
given size, it is actually less thermo- 
dynamically efficient than an unsuper- 
charged engine that produces the 
same power. 

As a practical matter, though, boost 
can be added under selected condi- 
tions. Superchargers can be enhanced 
with electrically operated clutches and 
bypass valves. These allow the same 
computer that controls fuel and igni- 
tion to kick the boost on and off pre- 
cisely as needed, resulting in far 
greater efficiency than a full-time 
supercharger. 

Also, when most auto companies 
opted for turbochargers a decade ago, 
many engineers argued that the power 
to drive the turbo was free, since it 
came from engine exhaust gases. Su- 
percharger proponents strongly dis- 
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The Volkswagen G-Lader is based on 
a 1905 French design. Spiral ramps in 
both sides of the rotor intermesh with 
similar ramps in the housing. Unlike 
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In a Roots supercharger, a pair of 
lobed vanes is driven by a belt from 
the crankshaft. The lobes force air into 
the intake manifold; boost is roughly 
proportional to engine speed. In the 
Eaton system, a valve allows the en- 
gine computer to bypass the super- 
charger when boost isn’t needed. An 
airflow meter helps the fuel-injection 
system meter the correct quantity of 
gas, and the intercooler reduces intake 
air temperature for greater efficiency. 


agree with the logic of this theory. 

"The power's not free," replied 
Yakimow. "Exhaust back pressure 
from turbochargers causes a loss of 
fuel economy as well.” He says that a 
supercharger can be tuned to produce 
virtually identical fuel economy as a 
turbocharger for a given driving cycle. 

Yakimow admits that supercharg- 
ing’s benefits still have to be sold to 
auto makers. “Supercharging’s dura- 
bility isn’t proven. Meanwhile, turbos 
are already in use.” 

Regardless, Yakimow says, Eaton 
engineers have had little problem 
passing long-range dynamometer and 
road testing. Eaton's design has no 
rubbing parts or seals, and the slow 
shaft speeds—10,000 rpm compared 
with 100,000 rpm or more for a 
turbo—make bearing design simpler. 

Cost of supercharging and turbo- 
charging is similar when each is 


installed in a production vehicle, 
Yakimow adds. And each has unique 
problems: The supercharger requires 
a belt drive that can be difficult to 
package under the hood. Turbos, on 
the other hand, become extremely hot, 
and often require heat shields and 
extra attention to under-hood venti- 
lation. In high volume, superchargers 
are potentially cheaper, but would still 
cost between $500 and $1,000—more 
expensive than installing a larger en- 
gine of similar horsepower. 


Grain blower 


While there have been a number of 
supercharger designs on the market 
over the years, the most popular is the 
Roots type (see drawing). Francis and 
Philander Roots invented this blower 
in 1864 to separate wheat from chaff 
in their threshing business. The small 
diameter of the rotors and their bal- 


This computer-generated image shows 
that superchargers run cooler than tur- 
bochargers, one reason Toyota chose 
a supercharger for the mid-engined 
high-performance MR2. 


anced shape make the system easy to 
operate at high speeds—one reason for 
its current popularity. 

"There's really nothing new about 
the system," said Yakimow. “Develop- 
ing the parts is easy. How you put 
them together is complex." 

For starters, the two rotors must fit 
tightly. The Roots brothers used 
leather-covered rotors for sealing. But 
Eaton relies instead on close machin- 
ing, a choice that meant developing a 
manufacturing process that could 
cheaply churn out the spiral-shaped 
rotors. 

Another problem arises because the 
Roots blower doesn't really compress 
the air. Rather, the spinning rotors 

[Continued on page 98] 


most superchargers, the rotor of the G- 
Lader doesn’t spin on its axis, rather 
it moves around an eccentric shaft. 
This motion draws in air, squeezes it 


inward through the spiral, compress- 
ing it, then forces it through ducts in 
the center into the engine. Airflow is 
essentially constant, so intake noise is 


lower than with a Roots blower. Be- 
cause there is only a slight wiping mo- 
tion between the spiral and housing, 
wear is minimal, too. 
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Volkswagen gets back to basics with its new Fox series of 
subcompact cars built in Brazil. The four-door sedan (top) 
shares a 1.8-liter power plant with a two-door coupe and a 
station wagon. At 92.8 in., the wheelbase of the Fox is some 
5 in. shorter than that of the Golf. At the other end of the 
price spectrum is the upcoming replacement for the two- 
seat Mercedes-Benz sports car (above). The 1988 560SL is 
expected to carry a $60,000 price tag. For that you get a 
240-hp 5.6-liter aluminum V8 engine, full-time four-wheel 
drive, and electronic traction control. 


Pontiac will resurrect the LeMans nameplate in 1987 for 
this diminutive Korean-built subcompact. Based on the Ger- 
man Opel Kadett, the ungainly looking sedan (above) and 
the two-door coupe share a long, 99-in., wheelbase, though 
overall length is shorter than that of the current 1000 and 
Chevette. Underneath, the LeMans is thoroughly conven- 
tional, with a transversely mounted four-cylinder engine. 
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Starting in 1988, General Motors will begin rolling out its 
replacement for the A-body (Chevrolet Celebrity, Pontiac 
6000, etc.) and G-special (Monte Carlo, Cutlass Supreme, 
etc.). This project id to be the largest new-model launch 
in automotive history. An early Oldsmobile version of the 
car (left) displays the aerodynamic theme that will be used 
throughout the line. Other variations will be sold by all GM 
divisions except Cadillac. The renewed J-car (upper left), 
also due out in 1988, has similar streamlined styling. Ford, 
meanwhile, stretches the basic Taurus/Sable package, 
squares off the corners, and comes up with a front-drive 
replacement for the Continental (above), due out in 1988. 


PHOTOS BY BARRY PENFOUND 


Ford's Festiva (right) is a 1.3-liter mini- 
car built in Korea. Developed in coop- 
eration with Mazda and built by Kia 
Industrial Co, Ltd., the Festiva rides on 
an 88-in. wheelbase. It squares off 
against the VW Fox, Pontiac LeMans, 
and Hyundai Excel at the low-price end 
of the market. The Festiva will debut 
in the U.S. early in 1987. A second Ford- 
Mazda project, the Tracer (not shown), 
will be built in Hermosillo, Mexico, and 
will be sold by Lincoln-Mercury. 


PHOTOS BY BARRY PENFOUND. 


Development work on this early GM 80 (Camaro/Firebird) 
prototype (above and right) shows one reason the project 
has been stalled: Stuffing the 200-hp V6 under the hood 
caused significant packaging problems, so the new-genera- 
tion Camaro is likely to be spawned by grafting a sporty 
body to the J-car platform. The result could look something 
like the car pictured at the top left corner of this page. 


JANUARY 1987 | 71 


Coming: 
Sharper TV 


When color standards were set up 30 years ago, compromises in pic- 
ture quality were made so that the new color system would be compat- 
ible with the system then in effect. Today, using advanced techniques, 
engineers are discovering how to produce pictures of dramatically im- 
proved sharpness and quality by extracting from the signal details 
that until now had been given up to achieve compatibility. 


A technician adjusts circuits at RCA Laboratories that enhance picture: 
signals: A balloon image from an 
play, a frame memory permits all 
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acks of circuit boards line two 
sidi fa room at RCA Labora- 
tories in Princeton, N.J. Hidden 


fans drone in the background, and the 
faint odor of warm resistors, capaci- 
tors, and other components scents the 
a panel of color TV monitors glow- 
ing with balloon images is tu d be- 
tween the circuit racks. 
You're stepping insidi 
quips Jon Clemer 
consumer products ri 
The circuits around us, he 
help create an advanced TV d 
on one monitor. “All this el 


future TV,” 
t of 


p 
arch at the lab. 


plains, 
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inary TV (far right) displa 
lines to be displayed іп "ы 


will be collapsed into a few microchips 
insidi TV set,” Clemens tells me 
One TV display before us represents 
a typical high-quality model now on 
as good as any- 
xplains, point- 
in the colorful 
ir balloon. I notice vis- 
lack of sharpne 
aint but disturbing jitter in 
some areas of the still-pictun 
ow we'll show you the next 
ter tha: body can do nov 


monitor. The same balloon image 
there, but it is sharply improved 
s visible, jitter has van- 


scan li; 
—tw 


from standard TV 
. For the left dis- 
the normal rate. 


and a crisp picture 
ainted like a still life 


ished complete 
appears to be 
on the screen 
The system Clemens was demon- 
st 
advances now on the v 
ments that will produ 
picture using the same ba 
sion system that has been ir 
decades 
Do not confuse the new systems 
wit high-definition TV—HDTV. 
HDTV, developed by the Japanese, has 
been widely demonstrated [PS, Nov. 
'81]. It produc ngly re 
pictu that the ent 
current televis ablishment—. 


tudio equipment, transmit- 
v- 


t stations, home re 
ers, and even the TV frequency 
band—be scrapped and begun again 
from scratch. For that reason, it will 
be slow in coming (see HDTV: Inch- 
ing Toward Your Living Room?). 
What I was seeing was not HDTV 
but a demonstration of ingenious new 
engineering. RCA engineers and their 
counterparts here are producing 
what they call frame-store sets, which 
produce startlingly better pictures 
using the same signal that comes in 
now through the antenna on the roof. 
Essentially, they use signal-storage 
chips—an outgrowth of computer 


nT 


technology—to store the information 
used to generate a TV picture. Then 
they can process the signal to improve 
its quality dramatically. 

That’s just the beginning. In an even 
more advanced system now under de- 
velopment, an improved camera in the 
studio sends an even sharper picture 
to a frame-store set. This new camer: 
receiver combination would produce a 
picture on your screen with twice the 
resolution of today’s best sets. Further- 
more, the signal is totally compatible 
with standard TV sets and with the 
current TV band 

Theoretically, getting a sharper pic- 
ture from the current system has al- 


ways been possible; engineers knew 
the limitations built into the system 
and what it would take to overcome 
them. But the progress is coming now 
because the technology is finally up 
to the job—technology such as large- 
scale integration, megabyte memory 
devices, and digital signal processing. 
The story starts in the mid-1950s 
with an FCC decision. Color TV was 
suddenly shown to be practical. The 
best system with the sharpest picture 
was one that was developed by CBS 
laboratories. But it was incompatible: 
Had the CBS system been adapted, ev- 
erything from TV stations to home re- 
Continued 
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FREQUENCY RANGE REQUIRED (MHz) 


DRAWING BY ELIOT BERGMAN 


NTSC: National Television Standards Committee; MAC: Multiplexed Analog Components; HDTV: High-Definition Television 


Comparing sharper TV pictures 


How different are pictures on today’s TV sets 
compared with images possible from improved 
systems? Recent studies by RCA researchers 
contrasted pictures on typical TV receivers 
with superior-quality video systems. The graph 
illustrates the findings, ranked in just- 
noticeable-difference units, which are judg- 
ments made by numerous observers about 
when picture improvements become notice- 
able. A perfect TV picture, not achieved, 
would equal a directly viewed live scene, rep- 
resented by zero on the vertical axis. The hor- 
izontal axis indicates how much bandwidth, 
in megahertz, is needed for each TV system. 
And the number of picture elements, or pixels, 
each system displays is a function of its ef- 
fective vertical and horizontal resolution. 

Present NTSC sets, operating at their best, 
can display only about 338 of the 483 hori- 
zontal scan lines theoretically available. In 
practice (see text), studio cameras don’t sup- 
ply these lines, which represent vertical res- 
olution, adequately. And each scan line carries 
less than 696 of the 872 pixels (horizontal 
resolution) NTSC signals can deliver. 

But viewers detect a significant improve- 
ment in picture quality when a fully improved 
NTSC image is presented. To provide this fully 
improved standard signal, special TV cameras 
and receiver circuits are needed to display 
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full horizontal resolution as well as 435 of 
the 483 scan lines. 

Other non-NTSC systems now in use or 
under development can provide significant but 
less dramatic gains in picture quality. One of 
these enhanced-definition techniques, first de- 
veloped for satellite transmission in Britain, 
is called MAC. Unlike NTSC, which scram- 
bles color and luminance signals together, 
MAC keeps this picture information separate, 
eliminating the mutual interference that dis- 
torts NTSC pictures. One type of MAC sys- 
tem requires about 6 MHz of bandwidth— 
with a carrier signal, that's too much for NTSC 
channels. But because MAC can be sent at 
525 lines with the same rectangular pictures 
as NTSC images, MAC transmissions can be 
viewed through a special decoder on receiv- 
ers equipped with red-green-blue input jacks. 
For its comparison tests, RCA assumed spe- 
cial TV cameras are used, as with full-NTSC 
reception. Another type of MAC transmission, 
2MAC, requires twice the bandwidth of stan- 
dard MAC—as well as an exceptionally good 
set to display that much detail. Finally, HDTV 
systems (see other box) provide the most 
nearly perfect pictures of all, although HDTV 
requires special "wide-screen" sets similar in 
format to that used in movie theaters. In ad- 
dition, to carry all those pixels, a large 
bandwidth is necessary.—J. F. 


ceivers would have become obsolete. 

The FCC decided to go instead with 
a system developed by RCA, the sig- 
nal from which could be received (in 
black and white) on old sets. But the 
decision for compatibility had a cost. 
It required a crucial compromise that 
has affected TV picture quality to this 
day. Limitations in cameras and other 
equipment mean that TV stations 
transmit only a limited portion of the 
picture details theoretically available. 
In addition, home receivers further de- 
grade these already limited signals 
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and don't display all the information 
being broadcast. 

In his office, Clemens explains the 
30-year-old compromise and its legacy 
on picture quality. He sketches TV sig- 
nals on a green chalkboard to show 
the technique. A series of spikes, like 
teeth on a comb, represents the origi- 
nal luminance signals that every TV 
signal carries. These vary the inten- 
sity of electron beams as they fly 
across the face of a picture tube, cre- 
ating the picture. To put color into the 
picture, designers of the RCA system 


tucked smaller spikes—now sketched 
by Clemens—between the luminance 
“teeth.” A black and white set ignores 
these spikes and uses the luminance 
signals—that's why the system was 
compatible. But a color set has spe- 
cial circuits to unsnarl the interleaved 
luminance and color signals and route 
each to the proper place. 

The system, elegant in concept, re- 
quired compromises in performance. 
One of them: Large areas of color in 
images appeared to be alive with 
crawling dots. This was because the 
circuits designed to unsnarl the color 
and luminance signals didn't do the 
job perfectly, and interference between 
the two showed up as picture- 
degrading crawling dots. 

Set manufacturers found a cure; 
they added a filter that blocks the fre- 
quencies creating the problem. That 
worked but introduced yet another 
picture-degrading compromise. The 
filter also blocks higher luminance fre- 
quencies that carry fine picture de- 
tails. So resolution was sacrificed. It 
was a reasonably good solution; in 
fact, a generation of viewers became 
accustomed to the medium-resolution 
color TV produced by the system. 

Engineers came up with yet another 
fix in 1979. It was called a comb fil- 
ter [PS, Aug. '78] because it “combs” 
through luminance and color informa- 
tion, separating it in a way that min- 
imizes interference on the screen. 
Most important, it enables higher fre- 
quencies carrying image details to be 
displayed instead of blocked. But it, 
too, requires compromise; because of 
the way comb filters add alternate 
lines together, some scene detail is lost 
whenever motion occurs. 

Clemens demonstrated another 
problem with comb filters. He asked 
me to peer closely at a comb-filter- 
equipped set at the point where one 
color changed abruptly to another. At 
these boundaries, I could notice dot 
crawl—movement of color edges—and 
other interference that subtly spoils 
the picture. 

Now we looked again at the frame- 
store display I described at the begin- 
ning of this article. The image was 
clean and crisp, with none of the de- 
fects I had been seeing. The secret, 
according to Clemens: “With frame 
memory we can get perfect color and 
luminance separation.” 

Frame storage has other advan- 
tages. In ordinary TV displays, one- 
half of the picture (262.5 scan lines) 
is presented in Уо second. During the 
next Yeo second the other 262.5 lines 
are "painted" onto the screen, inter- 
leaved between the first set. This in- 
terleaving creates a complete 525-line 
picture every Ую second, and your 


eye blends them into a single image. 

In RCAs frame-store system, how- 
ever, the circuit combines both halves 
of the picture and displays a complete 
picture every Уо second. This is called 
a progressive-scan technique because 
the construction of the picture pro- 
ceeds progressively from top to bot- 
tom. Getting rid of the interleaved 
scan produces important benefits. The 
interleaving system generates what 
engineers call vertical aliasing com- 
ponents—undesirable signals—that 
degrade picture quality by causing 
flickering and other problems. When 
the whole picture can be stored and 
played back in a single top-to-bottom 
progressive scan, the aliasing effect 
disappears. The result is an immedi- 
ate and striking improvement in pic- 
ture quality. 

But despite its advantages, progres- 


sive scanning—you guessed it—also 
has problems and requires compro- 
mise: À scene can trail a series of jag- 
ged "ghost" images. The problem is 
that the frame memory isnt taking 
motion into account as it adds the %о- 
second picture halves. RCA and oth- 
ers are working on a fix. 


Pampering pixels 


“You need something called motion- 
adaptive processing," says Clemens, in 
which a sophisticated motion circuit 
switches off the frame-store function 
only at the precise point where mo- 
tion occurs within pictures. “We do it 
on a pixel-by-pixel basis,” Clemens ex- 
plains, indicating that the analysis 
and control of each picture element 
(pixel) on the screen is crucial to suc- 
cessful motion-adaption circuits. 

I learned another astonishing fact. 


HDTV: inching toward your living room? 
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The progressive-scan images I saw 
seemed distinctly sharper than con- 
ventional TV pictures. But they do not 
actually contain more detail. Says vet- 
eran RCA researcher Dalton Pritch- 
ard: "You're taking. the same 
information and displaying it in a 
different manner. You may like what 
you see better because you’ve done it 
in a way that looks smooth and has 
no flicker.” 

And that introduces step two. With 
the current system, approximately 
one-third of the horizontal lines are 
effectively lost by system limitations, 
degrading picture detail and quality 
by that amount. A progressive-scan 
camera with twice as many scan lines 
can restore missing lines. 

The extra lines could be filtered into 
a standard 525-line TV broadcast sig- 
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I'm sitting in a mini-theater at Sony Corp.’s 
headquarters building in Tokyo, Japan. A wall- 
size screen before me lights up from an over- 
head high-definition TV (HDTV) projector. The 
opening HDTV scene from an HDTV demon- 
stration videotape—an autumn forest with 
bare trees stretching far into the background 
—is stunningly realistic. Tiny branches in the 
distance and a carpet of green grass on the 
forest floor almost create the illusion that I'm 
looking through a large picture window. In 
fact, the videotape HDTV demonstration I'm 
viewing is sharper than the same images pro- 
jected from film in a typical motion-picture 
theater. (Movie film duplication and projec- 
tion degrades the original master film con- 
siderably.) Other parts of the HDTV tape, 
featuring an attractive model, create the illu- 
Sion she's reading a letter and pouring wine 
in a house with mountains visible in a win- 
dow. But the illusion is unveiled when objects 
—mountains, wine bottle, etc.—abruptly 
vanish and a solid blue background appears 
in their place during a review tape segment. 
Sony is displaying the ability of HDTV to cre- 
ate special effects. 

HDTV, pioneered by Japan’s public broad- 
casting system, NHK, has been demonstrated 
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publicly for years. HDTV uses twice as many 
Scan lines as standard TV and delivers five 
times the picture detail in a wide-screen for- 
mat. The pictures above contrast-a newspa- 
per page displayed on a Panasonic HDTV 
monitor with the same page section on a stan- 
dard TV monitor. 

In Japan, regular direct-broadcast satellite 
programs in HDTV are slated for 1989. But 
an attempt to set an international HDTV stan- 
dard failed in 1986 because of European ob- 
jections to the Japanese-U.S. HDTV proposal. 
Europeans dislike the 30-frame-per-second 
standard, claiming it will make conversion to 
Europe's 25-frame-per-second rate difficult. 
An international standards committee post- 
poned a decision until 1988, although the 
Japanese are forging ahead with HDTV de- 
velopment, including VCRs. 

Meanwhile, as HDTV equipment becomes 
more plentiful and less exotic, its use for en- 
tertainment, business, education, and medi- 
cine is slowly growing. "The time for 
experiments and prototypes is over," says 
Patrick Whittingham, general manager of 
Sony's Canadian broadcast division. Sony, the 
only firm marketing a complete HDTV sys- 
tem (cameras, recorders, display, and edit- 
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ing gear), made the equipment for an 
upcoming 13-hour CBC television drama 
called Chasing Rainbows. Because HDTV re- 
quires the broadcast space of five ordinary 
TV channels, the HDTV will be converted to 
standard video before broadcast. But the ex- 
ecutive producer for the series, Mark Blanford, 
is interested іп HDTV's unique features: “It’s 
bigger, sharper, more flexible, and can do 
tricks neither present TV nor film can even 
attempt,” he says. One of these tricks is elec- 
tronically blending elaborate background 
scenes with other scenes, but with superior 
color, detail, and transparency, claims CBC. 

What about getting HDTV into homes? The 
biggest headache is the staggering channel 
space required. Gobbling up five standard TV 
channels with one HDTV program doesn't 
appear to be economically practical, One 
solution being studied is a compressed 
HDTV system that requires only 8 MHz. Tests 
planned for Washington, D.C., will use two 
TV channels to carry a compressed HDTV 
signal. But, as one expert asks, is a com- 
pressed HDTV signal, missing some picture 
detail, really much better than some of the 
advanced-but-compatible TV systems under 
development?—J. F. 
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New control devices generate reversed-phase 
sounds that sharply reduce repetitive noise 
by canceling it in midair. Electromechani- 
cal actuators can squelch vibrations. 


By JOHN FREE 
Drawing by Adolph Brotman 


Мілмі, FLA. 
n a laboratory at Noise Cancellation Technologies, Inc., 
| I'm looking at a simple wave form on an oscilloscope. A 
workbench in the small lab is stacked with green cir- 
cuit boards and trays of silicon computer chips. “OK, let's 
crank up a little noise," says NCT engineering vice presi- 
dent Eldon Ziegler. He twists an amplifier knob. A low- 
frequency hum—the AC voltage on the scope made audible 
—rumbles from a pair of loudspeakers. 
I slip on a pair of headphones. Then Ziegler pushes a 
switch on a shoe-box-size electronic processor. Another wave 
form, a mirror image of the first, appears on the scope. 
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Curiously, the two sine waves seem locked in combat try- 
ing to eradicate each other. “When the two add together,” 
says Ziegler, “you’ll see the combination come down in 
amplitude.” 

Suddenly, the wave form flattens, almost to a line. Si- 
multaneously, the annoying hum from the loudspeakers 
becomes almost inaudible. A microcomputer in the elec- 
tronic processor, I’m told, is generating an anti-noise sig- 
nal. That signal, driving my headphone speakers, cancels 
the hum—in midair—at my ears. Others in the lab, how- 
ever, still hear the noise, and I can hear all other sounds. 

Headphones are just one way of using NCT’s anti-noise 
technique: Loudspeakers placed right at a noise source 
—the exhaust from an engine, for example—can also wipe 
out low-frequency noise in midair. In addition, with me- 
chanical transducers instead of speakers, NCT’s computer 
technique will also cancel vibrations. 

This electronic method of zapping selected noises while 
leaving other sounds unaffected promises important benefits 
in industry, the military, and eventually around your home. 
In addition, there’s a broad range of anti-vibration appli- 
cations possible. 

So-called active anti-noise headphones aren't new. But 
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Anti-noise headphones (opposite page) are linked to a com- 
puter that generates out-of-phase signals to cancel noises 
up to 2,000 Hz. The microphone in each earpiece tells the 
computer how well it's doing its job. A hand-held micro- 
phone (above) for the computer helps ported speakers can- 
cel noise below 300 Hz at a diesel generator's exhaust pipe. 


models designed to aid workers in noisy locations have a 
big disadvantage, says Arthur Bleich, former NCT presi- 
dent. Because conventional active headphones usually zap 
all sounds, a shouted warning or an alarm bell might be 
missed. A newer technique for hearing aids [see "Electron- 
ics Newsfront,” Dec. '86] might also be applied to anti-noise 
devices for persons with normal hearing. 

Two years ago, to learn about selective noise cancella- 
tion, Bleich visited Professor Barrie Chaplin at the Uni- 
versity of Essex in England. Chaplin has patented an 
anti-noise and anti-vibration technique that relies on elec- 
tronic synchronization pulses from an engine, compressor, 
generator, or other repetitive source. Using these pulses, a 
computer can easily generate signals that cancel selected 
noises or vibrations. A repetitive noise source enables the 
anti-noise to be predicted and generated before it is needed. 

One dramatic demonstration in England helped convince 
Bleich he wanted the patent rights: Wearing anti-noise 
headphones, he entered a small room at Chaplin's sound 
laboratory. "Then everything began shaking," Bleich re- 
calls. Pictures bounced on the walls; a cup on a desk chat- 
tered toward the edge; visitors without headphones covered 
their ears against the overpowering sound in the room. “But 
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Selective noise-cancellation technique is based on syn- 
chronization signals sent from a noise source, so only 
its sound is canceled. The sync pulses can be sent 
though a cable, or transmitted by radio to the anti- 
noise generator. The sync pulses help a computer in 
the anti-noise generator produce out-of-phase signals; 
these actuate the headphone diaphragms, canceling 
noise by producing opposite variations in air pres- 
sure. Microphones in the headphones detect residual 
noise and send signals back to the wave-form genera- 
tor until the noise is reduced to almost zero. 


those wearing headphones could talk normally, as I’m talk- 
ing to you,” says Bleich. “Only our feet picked up the room 
vibrations.” 

As awareness of the anti-noise and anti-vibration tech- 
nique spreads, a growing number of applications are being 
prepared or are under development: 

* Major passenger aircraft companies, such as Boeing 
and McDonnell Douglas, are developing fuel-efficient but 
noisy propfan engines [PS cover story, March, '85] and may 
build anti-noise speakers into seat headrests or install them 
in overhead baggage racks. 

* One firm is planning an active muffler that would cut 
vehicle noise and reduce engine back pressure. That, Bleich 
claims, could boost horsepower 10 percent, or permit a 
smaller fuel-saving engine to be used initially. 

* Designers are looking into silencing undersea weap- 
ons as well as engines and other motors on surface ships 
and submarines. A technique of towing sonar arrays be- 
hind a sub to listen for enemy vessels [*Undersea Warfare," 
PS, July '83] can be enhanced if noise from the towing ship 
is eliminated from instruments. 

* Anti-noise techniques could silence the din in helicop- 

[Continued on page 96] 
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Low-cost VCRs 
—what do you get for your money? 


VCR prices keep dropping. Here’s what you need 


to know to get the right machine at the right price. 


By GORDON McCOMB 


eed a second video-cassette re- 
N corder? You're not alone. 

According to a survey done 
for the Electronic Industries Associa- 
tion, off-the-air taping and tape rental 
have become so popular that 56 per- 
cent of present VCR owners say they 
need a second machine. A single VCR 
simply can't satisfy the voracious video 

appetites of all family members. 
Fortunately, there's no need to pay 


$800 or more for another full-featured 
VCR. A growing number of affordable 
— $400 or less—machines contain 
such impressive features as wireless 
infrared remote control, cable-ready 
tuners, special effects, and multi-event 
programming. My own side-by-side 
comparisons showed that the pictures 
from low-cost VCRs can be as good as 
those from models costing up to three 
times as much. 

But while low-cost VCRs contain 
many features, no single machine has 


them all. That's reserved for their 
higher-priced cousins. Of course, the 
features you'll need will depend on 
how you'll use the VCR. To help you 
choose, the tables below detail the fea- 
tures of VHS, Beta, and play-only 
models with a manufacturer's sug- 
gested list price of $400 or less. 
Once you find a model you like, shop 
carefully. VCRs are routinely dis- 
counted by 10 to 30 percent; that 
means a $349 model could actually 
sell for $265. us 


SELECTED MAKERS OF LOW-COST VCRs 

Curtis Mathes, 1411 Greenway Dr., Irving TX 75038; Daewoo 
Electronics Corp. of America, 100 Daewoo PI., Carlstadt NJ 
07072; Emerson Radio Corp., 1 Emerson Lane, North Bergen 
NJ 07047; Funai Harjoy, 100 North St., Teterboro NJ 07608; 
General Electric, 1 Wellner Dr., Portsmouth VA 23705; Gran 
Prix Electronics, 108 Madison St., St. Louis MO 63102; 
Lloyds Corp., 180 Raritan Center Pwy., Edison NJ 08818; 


nes 


DAY/ 
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SPECIAL EFFECTS 


Magnavox Co., Box 14810, Knoxville TN 37914-1810; 
Mitsubishi Electric Sales America, Box 6007, Cypress CA 
90630-0007; Philco (see Magnavox); Portavideo Intl., Box 
22130, Tempe AZ 85282; Radio Shack (Tandy Corp.), 1400 
One Tandy Center, Fort Worth TX 76102; RCA Corp., 600 
М. Sherman Or., Indianapolis IN 46201; Electron- 
ics America, 301 Mayhill St., Saddle Brook NJ 07662; Sanyo 


REMOTE 
CONTROL 
(FUNCTION/ 


Electric, 1200 W. Artesia Blvd., Compton CA 90220; Sears, 
Roebuck and Co., Sears Tower, Chicago IL 60684; Supra 
USA, 10-27 45th Ave., Long Island City NY 11101; Sylvania 
(see Magnavox); Teknika Electronics Corp., 353 Rte. 46 W., 
Fairfield NJ 07006; Toshiba America, 82 Totowa Rd., Wayne 
NJ 07470; Vector Research, 1230 Calle Suerte, Camarillo 
CA 93010 
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Have iron, will travel 


With a cordless soldering iron you can play Mr. Fix-It miles from an AC outlet. Most irons 
are powered by rechargeable nickel-cadmium batteries, but one model burns butane. 


By PHIL McCAFFERTY 
Photos by Greg Sharko 


utside, in the car, or around a 

boat, a cordless soldering tool 

is a must for making on-the- 
spot repairs. 

But even in the house a cordless sol- 
derer can make eminent sense. If 
you're repairing the house wiring, for 
example, you must turn off the power 
to the area, making an AC tool use- 
less. On the workbench, an untethered 
iron trails no cord to scatter small 
parts. Indeed, wherever the job, a sol- 
dering iron that frees you from the 
confinement of an outlet and the en- 
cumbrance of a cord could quickly be- 
come your tool of choice. 

Cordless soldering irons are ideal for 
light electrical and electronic solder- 
ing. The eight irons and guns I tried— 
seven powered by rechargeable nickel- 
cadmium batteries and the eighth by 
butane gas—all get hot enough to 
melt solder. But they are less likely 
than more-powerful AC irons to dam- 
age delicate circuitry. They heat in a 
few seconds and will make a surpris- 
ing number of solder joints. 

Most cannot heat large areas and 
melt fat solders, though the Austral- 
ian-made Scope, a 60-watt gun, out- 
classed the competition. The other 
battery-powered solderers range from 
9 to 25 watts. (AC irons go up to 200 
watts or above; light-duty AC models 
are typically 30 to 45 watts.) 

I found that the lower-wattage cord- 
less irons worked best with solder of 
0.052-inch diameter or less, but the 
Scope handled 0.125-inch-diameter 
solder just fine. And with the acces- 
sory 'A-inch-wide chisel tip, I even sol- 
dered some moderate-size sheet-metal 
joints with it. 

The most unusual iron I found was 
the Portasol, an Irish import that 
burns butane gas. Its catalytic tip 
glows orange-red when it heats up, but 
it does not flame. Pack a can of bu- 
tane lighter fluid, and you can 
recharge it anywhere, in seconds. And 
being nonelectric, it is static-free. 
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Most of the electric soldering irons 
come with standard 120-VAC chargers. 
Those with storage stands (Sears, 
Eazypower, and Turbo) can be charged 
in or out of the stand. The Iso-Tip’s 
charger is integral with the stand; it 
can be left on charge so that it is al- 
ways ready to go. Some of the irons 
also have 12-volt chargers (included 
or optional) that plug into the ciga- 
rette lighter of a car or boat. 

All but the Scope and Portasol have 
integral work lights. Many also have 
caps. The tips on these tools, especially 
the pencil-shaped irons, are delicate 
and need protection. Also, the tips get 
very hot. Thus a cap is a useful ac- 
cessory. And on the subject of safety, 
do keep these handy but hot little tools 
out of children’s reach. us 


Cold facts about — 
these hot numbers 


Even if you're not the type to take a 
*boom box" to the back woods, you'll 
find plenty of uses for a cordless sol- 
dering iron. The camper in the lead 
photo brings back the sound with the 
60-watt Scope C-60. An optional 12-V 
charger can renew this gun's batteries 
via a car cigarette lighter. 

Ikra solder pistol (inset A) shares a 
pop-out battery pack with the compa- 
ny's grass shears, flashlight, and screw- 
driver. The battery plugs directly into 
an outlet for recharging. 

Small pencil-shape soldering irons 
slip easily into a tool box or deep 
pocket. From left in inset B: the Lenk 
iron, Iso-Tip, and Sears. 

Inset C, left to right: the Turbo 
Solderor, Portasol, and Eazypower. 
The Turbo comes with a 12-V charger. 
The Portasol runs on butane lighter 
fluid. A flint in its cap ignites the gas. 


с g yw = 
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COMPANY BRANDMODEL È È- Zg Ez COMMENTS 
3 ge = 
= 2-65 
Amercep Inc. Turbo Solderor 25 12 600 250 12 Yes Comes with cap, wall-hung 
909 E. El Segundo Blvd. 890 caddy, wire tool rest, 
Е Segundo СА 90245 12-У charger 
The Boardworks Portasol 25 —! 800 125 —} No Burns butane; has cap, 
Box 1678 8-700 pocket. clip: four tip 
Covina CA 91722 styles available. 
Dick Smith Electronics ^ Scope C-60 45 60 700 150 12 No Comes with five tips: 
Box 8021 12 charger available 
Redwood City CA E 
Eazypower Corp. 30 23-25 850 100 8 Yes Has cap, storage stand 
6419 N. Ravenswood Ave. 71501 
Chicago IL 60626 
Gar-Tec Products Ikra 20? 15 932 50 12 Yes Battery pack powers three 
Box 322 2070 ( tools, plugs directly into 
Lowell IN 46356 only) outlet for recharging 
47 
(wibattery) 
Sears Roebuck and Co. Craftsman 24 15 500 ma. 12 Yes Наз cap, storage stand 
Sears Tower 9GT54049 
Chicago IL 60684 
Wahl Clipper Corp. isoTip 55 10 690 125 1 Yes Comes with charging 
2902 N. Locust St. 7800 stand, two tips; 16 tip. 
Sterling IL 61081 styles, 
drill available 
Wall Lenk Corp. Lenk 33 9 950 100 12 Yes 
Box 3349 BP-100 
Kinston NC 28501 
1 Not applicable— burns butane; 2 battery sold with companion tools also; > not available Í 
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Mastering 
the bath 


A new master bedroom deserves an equally masterful bath. This 
one features lots of storage, a European-styled vanity, a unique 
one-piece tub-shower unit, and other carefully planned details. 
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DETAIL 2- DOOR HINGING 


4/2! « 1/2" PINE SCRIBE STRIP J4'PWWOOD SAG" ASH EDGING 


1 Vanity 


Critical dimensions of the vanity 
drawers are shown above, but 
you can vary the number and 
depth. If the wall behind the van- 
ity is not straight, glue a pine 
scribe strip to the back of the 
backsplash. Hold the backsplash 
in position, scribe the contours 
of the wall onto the strip, and 
plane it to the line. Test for a 
good fit. When you get it, lami- 
nate and add ash strips as above. 
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2/4' PIYWOOP 
DETAIL 3 


gj 1-1/2" 
PLYWOOD: 


MEDICINE 
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VANITY 
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BATHROOM LAYOUT 
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By A. J. HAND 
Drawings by Eugene Thompson 


master bedroom is incomplete 
A: a master bath. So when 
I drew up the plans for my new 
gable addition [PS, July '86], I laid 
out a 9-by-12-foot space for that pur- 
pose. The bath occupies a corner of the 
new living space, up against a six-foot 
knee wall. Six feet doesn't offer much 
head room, so we put the vanity and 
toilet against that wall. 

The heart of the bath is a five-by- 
seven-foot acrylic-faced fiberglass tub- 
shower unit from Acrylic Tub, Inc. 
«ATI, Box 90331, Nashville, Tenn. 
37209) This one-piece unit has 
smooth, pleasing lines, with no seams 
to leak or trap dirt. There's even a seat 
molded into the rear wall. And like 
many one-piece units, it has its own 
ceiling. 

I framed a linen closet at the head 
of the tub to allow access to the plumb- 
ing. The plumbing, incidentally, is 
based on a Grohmix thermostatic 
pressure-balanced shower valve (Grohe 
America, Inc., 900 N. Lively Blvd., 
Wood Dale, Ill. 60191). You set the 
thermostat to the water temperature 
you want, and it will stay there, even 
if someone flushes a toilet or the tem- 
perature of your hot-water supply 
starts to drop. 

The vanity is large enough to hold 
all the clutter that had been building 
up in our old master bath, plus tow- 
els and washcloths. I designed it in 
the popular European style, with full 
overlay doors and drawer fronts, no 
face frame, and no visible hardware. 
Lalso built a medicine chest to match. 
Building the vanity 

The vanity carcass has ?A-inch ply- 
wood bottom and uprights, with a half- 
inch ply back. Assemble all these 
parts with glue and screws, then add 
the 34-inch plywood toe kick. Apply 


Installing the one-piece shower-tub unit is easy. Just position it, frame stud walls around it, and cover with drywall. 


laminate to the ends of the carcass and 
to the inner faces of the two right-most. 
verticals. Then laminate all edges ex- 
cept the edge of the right vertical and 
the edge of the bottom between the 
two right-most verticals. As shown in 
the sketch, these two surfaces receive 


%-inch-square ash strips. This will 
bring the edges out flush with the 
faces of the drawers when they are in- 
stalled later. These are not attached 
until the drawers have been mounted 
in the carcass. 

When constructing the cabinet 


doors, simply cut the plywood to size 
and laminate the two faces. After 
gluing on the decorative ash edge 
strips, laminate the top and bottom 
edges. Use a router and a straight bit 
to cut out a recess for the oak pulls. 

Continued 
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These pulls—also used for the 
drawers—are from The Woodworkers’ 
Store (21801 Industrial Blvd., Rogers, 
Minn. 55374; catalog No. B1602). The 
best way to rout the necessary recesses 
is to make a template of plywood to 
guide the router. You'll need it for both 
of the doors and all the drawers. 
Next comes the top. Cut it to size, 
glue on the edge buildup strips, then 
laminate as usual. Then take a ?«-inch 
rabbet bit and cut a %-by-%-inch rab- 
bet into the edge of the counter. To 
avoid chipping the laminate, make 
your first pass with the router a light 
one, and feed it with—not against— 


bit rotation. This is contrary to nor- 
mal practice, but it will absolutely pre- 
vent chipping if you take a light cut 
only as deep as the laminate. 

Next rip out %-inch-square strips 
of ash, miter the ends, and glue them 
into the rabbets. After the glue is dry, 
chamfer the strips with a piloted 
chamfer bit in your router. Make the 
backsplash in the same manner. 

Now place the cabinet carcass in po- 
sition and screw its back to a couple 
of wall studs. Screw the top in place, 
driving screws up through the corner 
blocks into the top. Screwing the top 
down will also lock the front edges of 


~ 


chest 


2/8" « 3/8" 
ASH FILLET 


3 Magazine 
rack 


Complementing the trim used on the 
vanity and medicine chest, the maga- 
zine rack is constructed from light ash; 
the wall-mounted rack also helps elim- 
inate bathroom clutter. A matching ash 
rack holds two towels within reach 
from the shower-tub unit. Although the 
bath is served by a heat pump, an in- 
wall electric heater provides extra heat 
for cold winter days. 


84 | POPULAR SCIENCE 


2 Medicine 


the uprights in position, so make sure 
they are properly spaced when you 
drive the screws home. 

Now you install the drawers, I 
mounted mine on Blum slides (The 
Woodworkers’ Store catalog No. 
D9665). These are easy to install 
straight and square using the gunlike 
Blum Minifix (also available from The 
Woodworkers’ Store) as shown in the 
sketch. After the drawers are in place, 
install the drawer fronts, Here's 
an easy way to get them perfectly 
aligned: Start with the bottom drawer. 
Slide it in place and drill a pair of. 


[Continued on page 104] 
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The spacious vanity (left) is coupled with a matching medi- 
cine chest fashioned in an elegant Europe; s 

they hold all the clutter a bath gathers. The 
trim and pull of the medicine chest matches that of the van- 
ity top. The sink, a hexagonal desi 
rimming model, so it just drops into place. 


le. Together 
hamfered ash 


n from Kohler, is a self- 
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When a light fixture is controlled by two or 
three switches, wiring can get tricky. Her 
are safe, fast ways to connect three-way pa 
four-way switches in your house. 


By RICHARD DAY 
Photo by Greg Sharko 


would be handy to control a ceiling fixture from 
two—or even three—different locations. The most ob- 
vious example: a long entry hall. One switch, just inside 
the door, turns on the light. To save having to retrace 
steps later to turn out the light, you have a second switch 
at the far end of the hall. And if the hall has a stairway, 
it would make sense to have a third switch at the top. 
If such an area in your house lacks this convenience, 
would you know how to add it? Most home craftsmen find 
the job daunting—myself included. That’s why I checked 


T» are bound to be areas in your home where it 


into a class taught (6 
maintenance crews. | 

The method is show 
necting all the bare 


this gets them out of the way as well as out of mind. You 
can now concentrate on black- and red-insulated “hot” wires 
(the lower portion of diagrams A, B, and C). Also, to sim- 
plify things, think about switching with the simplest 
circuit—one where the power source comes into the same 
outlet box with the first switch. 

Naturally, before you tackle any rewiring, be certain 
the circuit you’re working on is dead: Just remove the 
fuse or trip the circuit breaker. (If you do the latter, it’s a 
good idea to tape the breaker in its off position so no help- 
ful person will come along and flick it back on while you're 
working.) 

Three-way switches. When a light or appliance is con- 
trolled by only one switch, a single-pole type is used. You 

(Continued on page 99 


THREE-WIRE CABLE W/GRD. 
cot A 


Choose a diagram to 


mg match your situation. 


GROUND TO 
METAL BOX 


THREE-WIRE CABLES W/GRI 


Diagram A gives you 
two switches between 
the source (power cable) 
and load (lamp or fix- 
ture). Need three control 
points? Diagram B 
shows how to wire a 
four-way switch be- 


TWO-WIRE CABLE W/GRD. 


tween two three-ways. 
Pigtailed grounding 
and neutral wires are 
shown at each outlet 
box. Two-wire cable 
(with ground) serves the 
first switch and load. 
Three-wire cable (with 


CIRCUIT 


WHEN WHITE WIRE IS USED 


AS “HOT,” CODE ENDS BLACK THREE-WIRE CABLES W/GRD. 


ground) runs between 
switches to provide red 
and black traveler 
wires. Diagram C shows 
wiring for a circuit 
when the source and 
TWO-WIRE CABLE W/GRD. load share an outlet box. 
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green-insulated grounding wires ' 
and the white- or gray-insulated “neutral” wires ahead of 
time. These wires aren't normally switched anyway, and 
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"Audiocruise: This is 


You are entering the age of voice activation. A new elec- 
tronic chip turns a standard manually operated cruise con- 
trol into a space-age device that responds to simple verbal 
commands. Driving is now a little more fun. 


By NAOMI J. FREUNDLICH 
Drawings by Russell von Sauers 


blue Oldsmobile Ciera up to a 

steady 55 mph on Bypass 74 in 
Laurinburg, N.C., he turned to me and 
said, “OK, now it's your turn to talk 
to the car" I felt a bit foolish. But 
Schneider pushed a button mounted 
on top of the steering wheel, and a 
voice-activated cruise control was 
ready to converse. I called to it by 
name: 

"Audiocruise?" 

"Ready," it replied. 

"Set speed," I commanded. 

"Ready to set speed," it informed 
me. 

"Set speed," I said. 

"Setting speed," it confirmed. 

Simultaneously, Audiocruise ad- 
justed the accelerator so the car cruised 
at the desired 55 mph. My interest 
was aroused. 

Audiocruise is first in the race to 
put voice-activated features like door 
locks, air conditioning, radio, security 
systems, and more into cars by the 
1990s. The development of Audio- 
cruise was made possible about 18 
months ago when General Instrument 
Corps Microelectronics Division in- 
troduced an electronic chip called 
SP1000. This unique chip has both 
voice-recognition and voice-synthesis 
capabilities. In Audiocruise, which is 
manufactured by Dana Corp., the chip 
helps translate verbal commands into 
accelerator adjustments. 

After I became accustomed to chat- 
ting with the cruise control, I tried 
out its other features. To increase my 
speed, I told Audiocruise to “acceler- 
ate.” (This command causes the car 
to accelerate for five seconds. Since 
I was cruising at 55 mph, my speed 
was brought up to almost 60.) When 
I wanted to decrease speed, I said, 
“Coast down,” which caused the car to 
decelerate for five seconds. As with all 
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A s Jack Schneider accelerated the 


cruise-control systems, hitting the 
brake pedal disengages Audiocruise. 
But I got back up to cruising speed 
by saying to the system, “Resume.” 
Also, as in standard cruise controls, 
you can increase speed by stepping on 
the accelerator. When you let up on 
the pedal, Audiocruise will resume the 
previously set speed. 

At times Audiocruise behaved a lit- 
tle stubbornly, revealing limitations in 
the still-new voice-recognition field. 
Trying to activate the system, I must 
have said “Audiocruise” three or four 
times to get it to respond. "That's be- 
cause you're not speaking in the same 
tone of voice you trained it in," said 
Schneider, project manager and elec- 
trical engineer at Dana. The method 
of Audiocruise's magic is not really in- 
telligence, he told me, but rather the 
ability to play a mean matching game. 

Before I could use Audiocruise, it 
had to be "trained" to make a tem- 
plate of my voice. After pushing the 
training button beneath the micro- 
phone (see drawing), I was asked by 
Audiocruise to repeat six standard 
commands: set speed, accelerate, coast 
down, resume, no, and Audiocruise. 
Audiocruise can also be trained for a 
second driver, which is useful if two 
people are sharing one car. The sam- 
ple words are routed as electrical sig- 
nals from the steering-wheel-mounted 
microphone to the SP1000 microchip. 
Each one of the words has a “finger- 
print" of frequencies, called spectral 
information, associated with it. After 
a converter transforms the analog sig- 
nals into digital, the chip stores this 
spectral information as a template in 
its memory. 

When I gave Audiocruise my com- 
mand, the SP1000 chip filtered all 
frequencies other than background 
noise out of the incoming signal. If the 
filtered spectral information matched 
the template of my voice held in its 
memory, the SP1000 would trigger the 
microprocessor to operate the system. 


Inside Audiocruise 


A steering-wheel-mounted micro- 
phone (inset) replaces manual con- 
trols in this voice-activated cruise 
control. Wires lead from the micro- 
phone to a box (on floor) containing 
microcomponents that translate ver- 
bal commands into electronic sig- 
nals. Except for these features, 
Audiocruise's wiring resembles that 
in other cruise controls. 


The recognition problems I encoun- 
tered were caused by insufficient spec- 
tral matching. 

Schneider explained that the more 
you use the system— saying the words 
over and over again—the better voice 
matches you have each time. I must 
admit I was frustrated enough at times 
to want to use the manual cruise con- 
trol just to get the system going. 

Audiocruise also played dumb when 
there was too much noise in the car: 
wind rushing in an open window, the 


four driver speaking” 


MICROPHONE, SELECT, 
AND TRAINING SWITCHES 


radio playing, conversations going on, 
and the like. Also, Audiocruise might 
not recognize you when you have a 
cold or a sore throat or when you're a 
little nervous. 

Schneider says the company is still 
trying to improve the recognition sys- 
tem. One idea is to get Audiocruise 
to recognize words by amplitude, or 
the actual power in a sound. Another 
way of improving the system, says 
Schneider, is to make it adapt to vocal 
changes. An adaptive system would 


start with a template that could work 
for anyone. When the voice-recognition 
chip received commands, all slight 
vocal changes would be incorporated 
into the template. That means if the 
driver had a cold one day, the system 
would adapt to him without retraining. 
Dana Corp. maintains that voice ac- 
tivation is safer than manual cruise 
control because both hands stay on the 
wheel and eyes stay on the road. How 
do others feel about Audiocruise? 
Dana did some preliminary con- 


MICROPROCESSOR 
AND SP1000 CHIP. 


sumer studies and found that the 
main objection was that Audiocruise's 
robotic voice resembled that of a “Mid- 
western male.” And all those inter- 
viewed stressed that they didn't want 
Audiocruise to sound like a nagging 
car. A complete Audiocruise system, to 
be available only through Sears auto 
departments, will cost $200; $100 will 
buy a kit that allows voice-activation 
features to be added to Sears' current 
Autocruise. When will it go on sale? 
A date has not been set. Шз] 
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All-seasons 
sun porch 


In summer it’s a screened porch, and projecting eaves keep 
it dry. In winter plywood shutters replace the screens. The 
fiberglass roof provides diffused light all year long. 


By AL LEES 
Illustration by Eugene Thompson 


inter or summer, cars slow 
down when they pass the 
home of Anthony J. Wydra in 


the western New York town of Grand 
Island. The sun porch Wydra notched 
into the front of his house is an eye- 
catcher. 

An eggcrate grid of redwood 2 x 4s 
soars out over an airy, handsomely 
framed structure. In summer the broad 
“windows” are filled with screen pan- 
els. Suspended from the projecting 
rafters are flower baskets and drop- 
lights for evening illumination. For 
winter the screens are stored and the 
openings are shuttered with %-inch 
plywood. The poreh still has ample 
illumination through glazed strip 
windows tucked under the eaves and 
through the translucent roof panels of 
fiberglass-reinforced plastic (FRP). 

In the summer mode the porch is 
an ideal breezeway for breakfast and 
lunch (photo inset, opposite page). In 
winter it can be used to store outdoor 
gear or can serve as a party room. The 
winter porch also doubles as an air- 
lock entry [PS, Sept. '86], a buffer 
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against chill winds when you use the 
house's front entry. 

And this is no small consideration 
in Grand Island, where winds can 
howl up to 70 mph and January can 
dump six feet of snow on the roof. 
Snow load was one of Wydra's main 
design concerns, and his interlocking 
eggcrate grid of 2 x 4s provides sturdy 
support for the Filon panels. (Filon is 
a quality brand of FRP, available in 
attractive "awning" stripes on a 
squared-off corrugation. Your Filon 
dealer can supply the various closure 
strips that are called for on the con- 
struction drawing.) Wydra decided to 
get Cool Rib Cinnamon in 26-by-144- 
inch sheets, and bought 12 of the clo- 
sure strips. 

Wydra's intricate design for the sup- 
port structure calls for facing the 4 x 4 
posts and most beams with one-by 
lumber. This not only added architec- 
tural detail, but permitted Wydra to 
erect the frame without using a sin- 
gle nail; the interlocking notches cre- 
ated by this "skinning" process make 
for solid joints. You can simplify con- 
struction by using redwood or pressure- 
treated lumber throughout, bolting 

Continued 
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members together in a conventional way. 

It’s all erected on a 12-foot-square 
concrete slab, poured without any 
pitch (it must be perfectly level). Wy- 
dra first dug a perimeter trench nearly 
a foot wide and down to frost line. 
After leveling six inches of gravel over 
the surface and erecting a perimeter 
form, he placed rigid insulation, as 
shown in the dimensioned drawing, 


and brought in a ready-mix truck for 
a continuous pour. 

The FRP panels were attached to 
the frame with screws that have rub- 
ber gaskets under their heads (you get 
them where you buy Filon). 

Some interior 1x3 facing planks 
are attached with screws so as to be 
removable. This lets you take out the 
screen frames and insert the shutters. 


Not all of the 1 x 3s must be detached, 
though: Just take off one side and the 
top and bottom so panels can be swung 
out or in. You only do this twice a year, 
and it takes less than an hour. 

"One of the nicest features," Wydra 
says, "is that thirty-inch overhang. It 
keeps the screens and floor dry and 
lets you enjoy a summer thundershow- 
er outdoors." 05 
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Birth of the Moon (continued from page 64) 


was trivial. But when I talked to peo- 
ple on the outside about the amount 
of supercomputer time we were able 
to get, the typical reaction was ‘Wow!’ 
It was very large by the standard of 
university access of supercomputers.” 

Benz’s hydrodynamic code—or com- 
puter program—became seven or eight 
thousand lines long after being mod- 
ified for the impact-theory simula- 
tions. "That's very short compared 
with the kind they are used to at Los 
Alamos in weapons research; 100,000 
lines would be a short one.... " 

The team began simulating colli- 
sions of proto-Earth, changing num- 
bers of variables: the mass ratio of the 
two objects; their composition (for ex- 
ample, solid or molten); their relative 
speeds. “You have to realize,” says 
Benz, “that one simulation is sort of 
expensive. It takes anywhere from five 
to twenty-five hours on a Cray. So we 
couldn't do hundreds of different com- 
binations of things; we had to stay 
within certain bounds.” 


Computer film 


The result of the collaboration was 
the movie described at the beginning 
of this article. The film I saw actu- 
ally contained four different simula- 
tions, each varying the mass ratio of 
the impactor to proto-Earth. Only one, 
in which the mass of the sledgeham- 
mer body was one-seventh that of the 
proto-Earth, or a little larger than the 
mass of Mars, gave rise to an almost 
immediate formation of the Moon; but 
the others all produced material in 
orbit that would eventually coalesce 
into the Moon. 

(Incidentally, when I asked Benz 
how the computer data were trans- 
formed into photographic film, he said 
that because the computer itself was 
in a secret area to which he did not 
have access, he had no idea. “What 
happens,” he says, “is that I get these 
enormous files from the computer, I 
send them somewhere, and the next 
morning I have a roll of film in my 
mailbox.”) 

“The nice thing about these results,” 
says Benz, “is that it gives the impact 
theory great credibility; one of astron- 
omy’s greatest puzzles may have been 
solved. The theory takes care of all 
previous questions about the Moon's 
formation. And our work would have 
been simply impossible without the 
supercomputers at the lab. The cal- 
culations would just have been too 
complex otherwise." 

Meanwhile, back at another super- 
computer... 

Melosh, like Benz, had had no riv- 
eting interest іп the Moon's origin at 
the time of the Kona conference. 

"T'd been working with impact cra- 


tering for some time," he told me one 
scorching day last July, in the rela- 
tive cool of his office at the Univer- 
sity of Arizona in Tucson. “I’ve studied 
the impact of the ten-kilometer as- 
teroid, or whatever, that supposedly 
wiped out the dinosaurs sixty-five mil- 
lion years ago [“Killer Asteroid,” PS, 
Feb. '83] and, more recently, on the 
ejection of meteorites from planets. I'd 
heard about the Kona conference, but 
couldn't attend because of previous 
commitments. But a colleague here 
did go, and when he got back we 
started talking about this giant-im- 
pact theory, which had been a hot topic 
at Kona. 

“Well, I found the whole idea very 
unappealing, and in fact decided that 
some of the people there didn't know 
about celestial mechanics, about how 
material could be put in orbit after a 
big impact, and were blabbering away 
in ignorance of facts. It just didn't 
make sense to me from an impact 
point of view, at least not for solid de- 
bris. So I decided to see if I couldn't 
rule out the idea altogether. 

“But in a very short time I realized 
I was wrong—that it isn't solids that 
make any contribution... but that if 
a large body strikes Earth obliquely 
at high speed, you get a jet of molten 
or vaporized material that shoots out 
on the order of ten to fifteen kilome- 
ters per second. The idea of gas ejection 
had been suggested by Al Cameron 
in 1975, as a way of getting stuff into 
orbit around Earth, but I didn't know 
about it. Anyway, the impact theory 
began to look very good to me because 
it explained the chemistry problems 
rather nicely and also could explain 
the orbital dynamics of how this stuff 
gets into orbit around Earth. It re- 
quired no special pleading, unlike 
other theories. It seemed very natu- 
ral and straightforward. 

“I presented my calculations at a 
lunar and planetary science confer- 
ence in Houston, in March 1985. There 
had been so much interest raised at 
Kona that there were enough papers 
to put together a special session on 
the origin of the Moon. I submitted 
an abstract to that session, along with 
about seven other people. Mine was 
strongly in favor of the giant-impact 
theory. I mean, there's no one quite 
so enthusiastic about an idea as a re- 
cent convert. I knew that Bill Hart- 
mann was going to give a talk in sup- 
port of the impact theory, and that 
the other five papers about which I'd 
heard were going to prove that it was 
all wrong. 

“So at that conference I was antici- 
pating a real good fight, which," 
Melosh announced with a shake of his 
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Birth of the Moon continued 


formidable beard, *I am not exactly 
known to avoid...So the session 
started and the first speaker was S. R. 
Taylor of the Australian National Uni- 
versity, who had gone through in his 
pre-program abstract all the reasons 
why the impact theory couldn't possi- 
bly be true. But he got up and said, 
*Well, I've gone through the other ab- 
stracts submitted to the conference 
on the impact origin of the Moon and 
thought about it, and I have to with- 
draw my abstract. In fact, I think 
it is a wonderful idea. And then 
two other speakers, whose abstracts 
showed they were going to be highly 
critical of the impact theory, got up 
and explained why it worked really 
well. 

“So instead of a fight, the whole 
session was a consensus. Kevin Burke, 
the director of the Lunar and Plane- 
tary Institute, told me afterwards, ‘You 
know, I'm just bewildered ... I haven't 
heard a consensus like this on the or- 
igin of the Moon in my entire career. 
I think it’s fair to say that giant im- 
pact is the consensus theory for the 
origin of the Moon right now. Every- 
thing fits.” 


Similar simulations 


Melosh had been consulting at San- 
dia National Laboratories, working on 
problems of rock fragmentation with 
the help of one of Sandia’s computer 
experts, Marlin Kipp. One day after 
the Houston meeting, Melosh started 
talking about all the excitement over 
the impact theory and Kipp became 
fascinated. “Why don't you just do the 
necessary numerical calculations?” 
Kipp asked, and Melosh responded 
that he just didn’t have the supercom- 
puter resources available. Whereupon 
Kipp sat down at the terminal con- 
nected to one of Sandia’s Crays and 
began to type, using one of the lab's 
well-validated hydrodynamic codes. 

“That’s how I got into the business 
of computer simulations of Mars-sized 
objects smashing into Earth—acci- 
dentally,” said Melosh. 

The results: not a movie like the Los 
Alamos simulation, but a series of 
color-coded slides. Although the two 
supercomputer simulations were made 
independently, use different codes, and 
vary in many technical matters, they 
are in fundamental agreement about 
one thing: the credibility of the giant- 
impact theory. Both groups say there 
are no basic conflicts between the two 
simulations. In fact, Melosh and Benz 
(who has now joined Cameron at the 
Harvard-Smithsonian Center for As- 
trophysics) are trading important 
technical nuggets missing from each 
other's codes, in the hope of deriving 
more realistic simulations. 


Sandia, however, will no longer be 
a participant in such supercomputer 
work. "Star Wars" (Strategic Defense 
Initiative) has preempted things there, 
and Melosh is looking elsewhere for 
access to a Cray or its equivalent. 


Solving other mysteries 


What next? The solar system holds 
other mysteries besides the Moon's or- 
igin, and the giant-impact theory may 
contribute to their solution. 

“Mercury evidently has a huge sur- 
plus of iron in its core," says Cameron. 
"Perhaps late in its formation it suf- 
fered a collision with another planet- 
sized body and most of the mantle was 
driven off. We've developed a movie 
simulation that shows just that—it's 
really spectacular" 

And then there's Uranus, with its 
bizarrely tilted axis of rotation, un- 
like any other planet's. There have 
been previous suggestions that only 
some massive collision could have 
knocked Uranus on its side. 

Finally, there is the Pluto/Charon 
system, at the farthest reaches of the 
solar system. The ratio of the mass of 
this satellite to Pluto's is even higher 
than that of the Moon to Earth's. “In 
two or three years," says Cameron, 
*we may be analyzing that system in 
terms of an impact." 

Despite the wave of excitement over 
the giant-impact theory, there are as- 
tronomers who resist it, either be- 
cause they favor another theory of the 
Moor’s origin or because they find the 
impact theory flawed, improbable, or 
at least inadequately proved. 

John Wasson, a UCLA astronomer, 
is one of the unconverted. *One thing 
that bothers me about the theory," he 
says, “is that you must have available 
for the collision a Mars-sized body very 
late in the formation of the solar sys- 
tem, and I don't believe there are any 
good models that would produce such 
a body so late. Also, the probability 
of the impactor striking Earth a glanc- 
ing blow is just a few percent. Com- 
bine these two improbabilities, and 
you get a very unlikely event. Of 
course, sometimes very unlikely events 
happen nevertheless, and that is what 
the giant-impact people are saying." 

Wasson's own belief is that it is far 
more likely that the Moon formed in 
Earth orbit from the debris of plane- 
tesimal collisions, a version of the ac- 
cretion theory and a scenario that he 
believes could accommodate all the 
known chemical and physical data. 

“It’s healthy to have other people ac- 
cept things reluctantly in science," 
says Cameron. "If I have a fault, it's 
probably that I accept new things too 
easily" 


But he said it with a smile. us 
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two and four cycle carburetors, magneto theory, 
troubleshooting, and more. All designed to 
prepare you for success. 


Send for Free Catalog 

Find out for yourself how much NRI 
training can do for you. Send for the free catalog 
with all the facts, descriptions of each lesson, 
and factory training curriculum. No salesman 
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Ave., Washington, 
D.C. 20016. 
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Super STOL 


[Continued from 


е 65] 


takeoff-and-landing (STOL) C-17 will 
also have the maneuverability needed 
for operations on short (3,000-foot), 
narrow airfields. 

“The hostage rescue mission is one 
of the things the C-17 was designed 
to do,” says Erv Heald, McDonnell 
Douglas program manager for aircraft 
development. “With aerial refueling, 
it could reach almost anyplace in the 
world.” The C-17’s STOL characteris- 
tics will greatly improve the flexibility 
of US. military planning, Heald adds. 
For instance, Air Force magazine has 
reported that only 19 of the 99 hard- 
surface airfields in Saudi Arabia are 
considered adequate for the C-5 and 
C-141. Almost all can accommodate 
the new C-17. 

The C-17 has four fuel-efficient 
Pratt & Whitney PW2037 turbofans 
(up-rated versions of the Boeing 757 
airliner power plants) that blow ex- 
haust over and through large double- 
slotted flaps of titanium, producing 
added—powered—lift. 

Power-augmented lift is one of the 
features that will permit the C-17 to 
glide in steeply on approach at low 
speed (116 nautical mph with a full 
load) and come to a high-precision, 
short-roll touchdown. 

What will also help in short land- 
ings are powerful engine-thrust revers- 
ers that can be used in flight as well 
as on the ground. In the air, they'll 
help the plane make a steep nose- 
down approach without building up 
excessive airspeed. On the ground, 
these directed-flow thrust reversers 
will permit ducting the exhaust for- 
ward and upward so that dust and de- 
bris won't be kicked up and ingested 
by the engines. 

Specially shaped super-critical air- 
foils on the wings [PS, April ’72]— 
flattened on top, bulging on the bot- 
tom —decrease aerodynamic drag, re- 
ducing fuel consumption. Also, the 
wings’ greater-than-usual thickness 
provides a larger fuel capacity. Large 
winglets—vertical blades—smooth out 
drag-producing vortices that normally 
follow the wing tips, further improv- 
ing fuel economy [PS, April ’79]. 

Once on the ground, the C-17’s 
12-wheel high-impact main landing 
gear will be able to shoehorn the mon- 
ster aircraft onto runways only 60 feet 
wide. 

The latest in digital cockpit avionics 
—cathode-ray-tube and heads-up dis- 
plays—plus computerized controls will 
make it possible for this massive ma- 
chine to be operated by a crew of two 
pilots and a single loadmaster. 

The first C-17 test plane will be as- 
sembled this year. The Air Force’s 
order for 210 of the $90 million planes 
should be complete by 1992. 
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Noise zapper 
e 77] 


ters and propeller-aircraft cockpits, or 
the roar of diesels inside tanks. A Gen- 
eral Motors Corp. experiment using 
one loudspeaker sharply reduced noise 
in a truck cab. 

* A paper company is working with 
NCT to eliminate vibrations in its 
pulp-spraying system. Vibrations from 
its pumps and compressors create un- 
even paper thicknesses that can cause 
high factory reject rates or can even 
jam copy machines. 


[Continued from. 


Faster zapping 


NCT's initial product, its ANC-1000 
anti-noise processor, has been used 
in prototype form by customers. The 
eight-bit microprocessor in this unit is 
the same chip used in the Apple II and 
other personal computers. But the 
firm's newest processor, the ANC-2000, 
has a 16-bit microcomputer that aids 
stability and enables it to generate 
anti-noise signals faster. 

Still, the faster computer can't help 
everyone. "This is not a cure-all for 
every noise problem," says Bleich. "The 
process we have is for relatively low- 
frequency noises, which traditionally 
have been a problem because they can't. 
be canceled by conventional passive 
means unless you use enormous thick- 
nesses of insulation.” 

Some noise and vibration problems 
must await the right actuator for the 
job. For example, although a computer 
can now generate anti-noise signals to 
quiet an ordinary lawn mower, a small, 
low-cost, but powerful loudspeaker to 
cancel the engine noise isn't available. 
Similarly, actuators that can react 
quickly enough and bear heavy loads 
aren't available to dampen vibrations 
from a car engine. 

“We're working with consulting firms 
that have expertise in mechanical and 
acoustical engineering,” explains Har- 
ris Landgarten, chief executive officer 
of NCT (now headquartered at 505 
Northern Blvd., Great Neck, N.Y. 
11021). “But we're concentrating on 
building the control unit itself. We 
want to become very good at building 
active-cancellation hardware." 

Can loudspeakers be set up in homes 
or offices to eliminate random noise? 
"There are two kinds of random noise," 
says Landgarten. “Predictable random 
noise and totally random noise. If you 
install a fast enough microprocessor, 
your window of predictability could be 
very small—a few milliseconds—and 
you can eliminate predictable noise. 
But if it's totally unpredictable, you're 
not going to have enough time, no mat- 
ter how fast you are. 

*Our patented technology is much 
more readily adaptable to quieting the 
thingsthat make the noise rather than 
quieting the home," he says. Hs 
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Supercharging (Continued from page 691 


scoop up hunks of it and throw it into 
the engine. “The pulses themselves 
create a compression effect,” says 
Wally R. Wade, Ford’s engine research 
manager. 

If this sounds like the design for a 
siren, it is. These pressure pulses cre- 
ate that characteristic high-pitched 
whine that makes most Roots blow- 
ers sound like a police car on a late- 
night emergency run. 

“Noise is our biggest problem,” ad- 
mits Yakimow. And as my drive of the 
Eaton prototype revealed, the problem 
hasn't been completely licked. Eaton 
engineers say the trick is to acousti- 
cally tune the entire intake system. 
The company may even go so far as to 
line the intake pipes of production 
units with sound-absorbing foam. 


Germany and Japan 


The Roots blower isn't the only type 
of supercharger, though. The quest for 
a quieter compressor led engineers at 
Volkswagen AG in Germany to a dif- 
ferent design. To avoid the pulsing ef- 
fect of the Roots blower, VW engineers 
tried alternative forms of air-pump ge- 
ometry, finally settling on a relatively 
obscure principle they dubbed the G- 
Lader. Like the Roots design, the G- 
Lader is an old idea, based on a de- 
sign patented in 1905. As developed 
by VW, it consists of two concentric 
metal spirals, one of which moves on 
an off-center axis (see drawing). Un- 
like the Roots blower, the G-Lader is 
a true compressor, which means it has 
higher potential pressure and is in- 
herently quieter. 

“Our breakthrough came when we 
learned how to machine the shape,” 
says Ulrich Seiffert, VW vice presi- 
dent, research. Care is also needed in 
sealing the G-Lader, as the edges of 
the spiral must be airtight where they 
contact the housing. 

The current G-Lader seems most ef- 
fective for small displacement engines, 
and VW now produces a handful of 
supercharged 1.3-liter engines for sale 
in Germany. Due soon, though, is a 
1.8-liter version, producing some 140 
hp, that is eventually slated for a US.- 
bound production car, most likely the 
1988 Scirocco. 

Meanwhile, Toyota has just gone to 
market in Japan with a supercharged 
MR2 sports car. Fitted with a rela- 
tively bulky two-lobe Roots blower, the 
1.6-liter four-valve engine produces a 
healthy 143 hp—some 30 percent 
more than the non-supercharged ver- 
sion. Torque is also up by some 25 per- 
cent. Toyota is said to have chosen a 
supercharger rather than the familiar 
turbo because a supercharger caused 
far less heat buildup in the mid- 
engined MR2’s enclosed engine bay. 


Toyota also adds a feature that has 
been under study by other manufac- 
turers—an electromagnetic clutch, 
similar to those used on auto air-con- 
ditioning compressors, which allows a 
computer to engage and disengage the 
supercharger as demand varies. 

The clutch is a controversial feature. 
Eaton engineers claim it’s unnecessary 
because a bypass valve on their sys- 
tem allows the blower to spin freely 
when it isn’t on boost, a condition they 
say uses negligible horsepower. 

But Toyota engineers think the su- 
percharger needs to be carefully con- 
trolled under partial load conditions 
to reduce efficiency loss, thus the 
computer-operated clutch. The super- 
charged MR2 also features an inter- 
cooler, a radiator-like device that cools 
the compressed air to increase its den- 
sity before it enters the engine. 


Supercharging’s future 


These examples aside, will super- 
charging become a major factor in per- 
formance cars? Floyd E. Allen, chief 
power-train engineer at Chrysler, is 
skeptical. “It’s still difficult to pack- 
age a supercharger in a transverse- 
engine, front-drive car. But you can 
put turbochargers virtually any- 
where.” Also, says Allen, supercharg- 
ers are less fuel efficient, and they’re 
still pretty noisy compared with turbo- 
chargers, 

“The Japanese are prone to frantic 
spurts of acceleration, so they like the 
low-speed torque of a supercharger,” 
Allen adds, noting the traffic that 
jams Japanese roads. 

Porsche, no stranger to fast cars, 
also plans to stick with turbocharg- 
ers. “Supercharging is for small en- 
gines,” says Paul Hensler, director of 
power-train development. He notes 
that Porsche already has extensive ex- 
perience in turbocharging, and says 
he expects improvements such as 
lightweight ceramic parts to keep tur- 
bochargers competitive. 

Even Eaton's Yakimow admits that 
superchargers aren't the ideal solution 
for performance. "There's no replace- 
ment for displacement," he says. But 
most of the new engine designs on the 
horizon are V6s, averaging two-thirds 
the cylinder displacement of current 
V8s. And Eaton sees supercharging as 
one way to have the fun of a gas guz- 
zler, with less guzzle. 

Judging from my experience, the 
high torque at normal driving speeds 
and smooth throttle response are 
major benefits of the supercharger. 
And the handful of supercharged cars 
soon coming onto the market will soon 
answer the real question: Is the fun 
of driving them worth the increased 
complexity? us 


Wiring multi-switches 
[Continued from page 85] 


can’t get more basic: It has two ter- 
minals, both the same color. Black (or 
red) wires go to these, and the switch 
makes or breaks the power to the load 
(lamp or appliance). 

But to control a load from two loca- 
tions, a pair of three-way switches is 
needed. They're single-pole double- 
throw switches, with three terminals. 
Three-way switches are always used 
in pairs. Never try to use one alone, 
and never use more than two in a 
Switching circuit. 

One terminal of each three-way 
switch is usually darker than the 
other two. The combinations may be 
aluminum and brass, brass and cop- 
per, or chrome and brass. One termi- 
nal may be marked “C” or *COM"— 
this lone terminal is the common. (For 
three same-color terminals without a 
marking, see the sidebar, Switch Ter- 
minals Aren't Coded?) 

To wire a pair of three-way switches, 
start with the black or red hot wire 
from the 120-volt line, the power 
source. This always attaches to the 
common terminal of the first switch 
(see drawings). Similarly, the switched 
black or red hot wire to the load 
always takes off from the common ter- 
minal of the second three-way switch. 
These are the only wires you should 
ever connect to the common terminals, 
so take care to connect these next. 

The other two switch terminals are 
for the "traveler," or "runner," wires. 
These are the wires that run between 
the pair of three-way switches. When 
you wire with cables, there's a black 
traveler wire and a red one. Connect 
the black to the light-colored termi- 
nals of the three-way switches at each 
end. (It doesn't matter which termi- 
nal, but it's best to be consistent.) 
Then connect the red wire to the re- 
maining light-colored terminal at each 
end. Traveler wires are interchange- 
able. The switches will work whether 
you connect traveler wires top-to-top 
and bottom-to-bottom (as shown in 
the diagrams) or top-to-bottom and 
bottom-to-top. 

In working with three-way switches, 
it helps to place them with the two 
light-colored terminals facing each 
other, as shown in diagram A. (This 
assumes that the switches have both 
light-colored terminals on the same 
side—not all do.) To work this way, 
one switch will have to be inverted as 
Shown, but that's OK. Unless they're 
mercury switches (where gravity's 
a factor), three-ways have no up or 
down. On mercury switches, the tops 
are indicated. 

Four-way switches. To control a load 
from more than two places, one or 
more four-way switches can be used 

Continued 
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e Suburban Gardeners! 


A Tiller that 
“Does-It-All” for 
SMALL 
GARDENS! 


Most "small garden" machines are 
too light and underpowered to help 
with much other than spot weeding. 
But the little TROY-BILT® JUNIOR 
does-it-all —weeding, deep tilling, 
soil building, hilling, sod busting, 
you name it. 

Most other little machines bounce 
and shake you half to death. The 
JUNIOR is so easy to use you can 
guide it with JUST ONE HAND ...its 
narrow 14" width weeds between 
rows, along fences, in small flower 
beds...it turns on a dime, pivoting on 
power driven wheels...starts with the 
turn of a key with optional electric 
starting...and tills smooth seed beds 
with no messy footprints or wheelmarks! 

Best of all, the JUNIOR builds 
your soil by chopping and mixing 
organic matter directly in without 
the unbearable tangling you get 
with other small machines. 

TRY IT FOR 30 DAYS 

The JUNIOR carries the same 
legendary FULL NO TIME LIMIT 
WARRANTY as our larger garden 
tillers, and a 30 day trial (if you don't 
like it we'll take it back and refund 
the price you paid for it). 


Please mail coupon below for full 
details on the small garden JUNIOR 
— mid-sized PONY, and large 
garden HORSE models. 


TROY-BILT TILLERS - the #1 choice 
of America’s most successful gardeners! 


Garden Way Mfg. 
102nd St. & 9th Ave., Dept. A2668 
Troy, NY 12180 


Please RUSH me full details on your 
whole line of easier-to-use, better- 
performing TROY-BILT rear tine tillers. 


1987 Garden Way nc. 


Name. 

Address 

City 

State Zip 
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Wiring multi-switches continued 


Three-way switches are single-pole, 
double-throw type (the pivot-handle, 
or toggle, version in these schemat- 
ics is the most familiar); such switches 
must have three terminals, connected 
as shown. Because power flows be- 
tween terminals as indicated in the 
cutaway sketches, the lamp will light 
when both toggles are up (top sche- 
matic), or when both are down— 
that's why there are no on/off mark- 
ings on a three-way switch. But if the 


How three-way switches work 


\ 
] CIRCUIT 15 COMPLETED 


LAMP OFF 


CIRCUIT I$ BROKEN 


DRAWINGS BY MITCHELL J ALBALA 


toggle of one switch is up and the 
other down (lower schematic), the cir- 
cuit is broken. This lets you control 
the lamp from either switch location. 
(The modern rocker-type switch in 
the color photo is just another ver- 
sion of a toggle.)A four-way switch 
(with four terminals—not shown) lets 
you control the lamp from three loca- 
tions. You connect it between two 
three-way switches as indicated in 
wiring diagrams B and C. 


—but always between two three-way 
switches. (An example of this is a ga- 
rage light switched from inside the 
front and back doors of the house as 
well as from inside the garage itself.) 
Four-way switches get their name 
from their four terminals. These ter- 
minals serve only traveler wires to ad- 
joining three- or four-ways. You can 
use as many four-way switches as are 
needed, as long as all of them are be- 
tween two three-way switches. 

On most four-ways, two of the ter- 
minals at one end are colored darker 
than the two at the other end, to 
denote matched pairs. The darker- 
colored pair gets the red and black 
traveler wires (interchangeably) from 
an adjacent switch. The lighter-colored 
pair also gets the travelers inter- 
changeably from the other adjacent 
switch. It’s hard to go wrong. 

Drawing B shows how a four-way 
switch fits between two three-ways. 
For clarity, the four-way is shown lying 
on its side, with the darker pair of ter- 
minals at one end and the lighter pair 
at the other. In actuality, each switch 
will be mounted vertically, not on its 
side. 

If you mistakenly connect pairs of 
terminals with the same wire colors 
instead of connecting them to wires 
from adjoining switches, your switch- 


ing system won't work, but no harm 
will be done. Make the corrections, 
and your switching will work fine. 

Additional four-way switches, if 
used, go next to each other in the cir- 
cuit. Theoretically, there is no limit 
to the number of four-way switches 
that can be used between a pair of 
three-ways. 

About wiring. Because it's easy to 
work with, most DIY wiring is done 
using nonmetallic cable. Both the line 
(power source) and load (light or ap- 
pliance) side of multi-switch circuits 
are served by two-wire-with-ground 
cable. This contains a black hot wire, 
white neutral wire, and bare ground- 
ing wire. Cable for this purpose is 
identified as 14-2 G or 12-2 G, depend- 
ing on its wire size. (Use No. 14 wire 
for a 15-ampere circuit, and No. 12 
for a 20-amp circuit. Make sure cir- 
cuits aren't overtaxed by new loads 
added to them.) 

In wiring between a pair of three- 
or four-way switches, three-wire-with- 
ground cable is used. This will be iden- 
tified as 14-3 G or 12-3 G. In addition 
to the necessary white and bare wires, 
this has both a black and red wire for 
use as travelers. 

Bonding of switches to ground isn't 
normally needed, as it is in wiring re- 
ceptacles. But if you're using switches 


with extra terminals marked GR, or 
having green-colored hex-head bond- 
ing screws, these should be grounded. 

Follow local or National Electric 
Code requirements. When you're fin- 
ished, test your work with the power 
on. Also use a neon tester to check 
from the neutral to a ground. No 
matter which way the switches are 
thrown, your tester should not light. 
(If you're not adept at home wiring, 
call in a pro.) 

Feed-through circuits. If the line en- 
ters the same outlet box with the load 
or enters one of the in-between switch 
boxes, the basic switch-wiring dia- 
gram stays the same. However, then 
the white wire in each cable is used 
as a hot wire, feeding current through 
the switch boxes all the way back to 
the first three-way switch. This is 
called a feed-through circuit (diagram 
C). If you’re using cable, the ends of 
the white wire at each box must be 
coded black—this is to avoid trouble- 
shooting problems later. A black felt- 
tip marker is fine for this, or you can 
wrap the white ends with black elec- 
trical tape. (If you're wiring in con- 
duit, the correct color of wires must 
be used.) 

Once multi-switch wiring is written 
into your memory, you'll never again 
have to waste time doping out three- 
and four-way switch hookups. — ES 


Switch terminals aren't coded? 


єт ГУ? 


à 
If terminals on three- or four-way switches 
aren’t color-coded, you can tell them apart 
with a powered test light (continuity tester) 
or an ohmmeter. A VOM will do the job in its 
Rx1 function. 

To check out a three-way switch, connect 
one test probe to any terminal and the other 
probe to each of the others in turn, as in the 
photo. You're looking for the terminal that 
shows continuity with both other terminals, 
one at a time, as the toggle is thrown. The 
common is the only terminal that acts that 
way. (Remember that a mercury switch only 
works with its top end up.) 

On a four-way switch, you'll find paired-off 
terminals that, no matter which way the tog- 
gle is thrown, never show continuity. Mark 
one no-continuity pair darker than the other. 
It makes no difference which is which. 
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GUARANTEED 
FOR THE LIFE 
OF YOUR CAR. 


THE WORLD'S FIRST SYNTHETIC WIPER. 
Tripledge blades are made from DuPont 
Nordel-*the same material used in 50,000 
mile radial tires. Tripledge wipers will never 
tear, crack, split, rot, dry out or stick. Not 
affected by ice, snow, blazing sun, smog or 
road chemicals. 


EASY, DO-IT-YOURSELF INSTALLATION. 
Includes 2 complete units: High Quality Black 
Metal Superstructures complete with Tripledge 
Lifetime Wipers. They snap on in seconds. 


CUSTOM FIT tor virtually every U.S. and 
import car, van or truck. 


We guarantee Tripledge Wiper Blades 
for as long as you own your car! No 
other wiper blade can offer this guaran- 
tee. If you are not completely satisfied 
you get your money back. 


AIR-FLO DESIGN. Blades won't lift in 
high winds, high speeds. 6 claws grip 
firmly, distribute pressure evenly. 


PATENTED DESIGN. 
Protected by U.S. Patent 4473919. 


PRICE PER PAIR ONLY 


qas 


CALL TOLL-FREE 1-800-847-0653 
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date of your Visa or MasterCard. Credit card numbers handled with strict security. 


TRIPLEDGE WIPER CORP, Dept. 1000, 3165 Tucker Road, Bensalem, PA 19020 
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Introducing 
THE BOX ELIMINATOR ©) 


Now install telephone, 
computer and cable TV 
outlets easier than ever. 


2. BEND TABS 


* No hunting for wall studs • Leaves wall cavity free for excess cable 
© No screws, nails, toggle bolts € Class 2 circuits only 
* Use on any finished wall 


Call Toll Free 1-800-327-4030 


(in MD 301-942-0218) 


3. ATTACH PLATE 


Address 


City 


Zip 


11141 Georgia Avenue, Suite 216, Di 


Coming: sharper TV (Continued from page 751 


nal, and a filter built into the receiver 
could restore picture details. The re- 
sult: Where the current interleaving 
system loses approximately one-third 
of the vertical detail inherent in the 
picture, the new system would lose 
perhaps only a tenth. 

Work on the new picture-sharpening 
techniques is, of course, going on ev- 
erywhere. The authoritative Television 
Digest reports that virtually every 
manufacturer, including GE, Hitachi, 
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ITT, Panasonic, Philips, RCA, Sony, 
Toshiba, and Zenith, is known to be 
working at top speed to bring it about. 
“And manufacturers agree,” it says, 
“that the first such sets will be fol- 
lowed by a landslide of others.” 

How soon will progressive-scan TV 
receivers be in stores? Sets that pro- 
cess signals digitally have been avail- 
able for some time [“Hang-on-the-Wall 
TY,” PS, July '85]. But RCA's experts 
believe it will be several years before 


digital memory chips will be cheap 
enough to store complete TV frames 
for sets. 

But while most manufacturers are 
eyeing these developments, others are 
beginning to look a bit farther down 
the road. Once systems such as those 
described previously are available, 
they will produce all the picture qual- 
ity inherent in the present system. 
The limitation at that point will be 
the information-carrying capacity of 
the transmission link between TV sta- 
tion and home. 

Everyone agrees that HDTV won't 
be coming along anytime soon, be- 
cause enormous amounts of informa- 
tion have to be transmitted to convey 
the information in the 1,125-line pic- 
ture. And to transmit that informa- 
tion, a single HDTV signal would 
require a slice of the current TV fre- 
quency band equivalent to approxi- 
mately five current TV channels 
(including carrier), or 30 MHz. (HDTV 
broadcasts by satellite, which don't 
have to fit into the present commer- 
cial TV spectrum, are possible, 
however.) 


Adding detail 


But even here, in the matter of 
transmitting an enhanced signal, 
progress appears possible. The basic 
technique being developed: to subtly 
jam more information through the cur- 
rent transmission link without in- 
creasing its bandwidth. In Japan, for 
example, Hitachi engineers discovered 
they could boost the details on each 
scan line (horizontal resolution) by in- 
serting high-resolution information 
into vacant frequency space. "It's a 
matter of using the same frame-store 
techniques to get six megahertz in a 
standard four-megahertz channel," 
says Clemens. “In Japan, the goal is 
to have it broadcast in 1990. The same 
type of thing could be done here, or 
we could follow in a few years.” And 
the British and other European na- 
tions are using a system called MAC 
(for multiplexed analog components) 
intended primarily for satellite use 
(see Comparing Sharper TV Pictures). 

Ultimately, some experts forecast, 
broadcasts in direct satellite-to-home 
systems over broad-band transmission 
channels will produce a wall-sized TV 
display with the resolution now seen 
in movie houses. And 1,125-line 
HDTV displays by the companies— 
mostly Japanese—that have displayed 
them are of a quality that makes this 
claim easy to believe. In the meantime, 
engineers around the world are work- 
ing with great ingenuity to improve 
the picture within the constraints of 
the system born in compromise 30 
years ago. 
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2%” plastic coated buttons 
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Supply buttons for 
community events, 
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Button parts cost only pennies each, 
finished buttons sell for much more. 

Only $26.95 gets you started with everything you need to 
make buttons. 

Send today for our FREE colorful 48 page 
catalog PLUS a FREE 24 page book full of 
button-making ideas from Badge-A-Minit. 
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ONE-MAN 
Sawmill 


The Only 
ONE-MAN 
PORTABLE 


If you need good, high-quality lumber, don't let 
inflated lumber prices stop your important build- 
ing projects. The Foley-Belsaw goes right to the 
trees and turns out smooth, true-cut lumber. . . 
even beginners get excellent results. Just one 
man (no crew needed) can easily cut enough on 
weekends to save hundreds of dollars over high 
lumberyard prices. For power use tractor PTO 
or other low HP diesel or electric unit. Factory- 
direct selling keeps price low, and convenient 
time payments may be arranged. 

Send for FREE BOOK! Just mail coupon below for 
“How To Saw Lumber" booklet and complete facts 
on the One-Man Sawmill. There is NO Obligation 
and NO Salesman Will Call on you. Do It ү! 
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WI]. Foicy-Beisaw Co. \ 
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New Lower 


Investment Programs 


Start your own business or build 
your own beautiful home, or both— 
with Tri-Steel. 

INTRODUCING: Several distinctly 
different investment opportunities, 
beginning at only $2,950.00 ! 

Whether you are an eager beginner 
or a seasoned professional builder— 
Tri-Steel has a program for you. 


Our steel frame homes offer: 
* Super energy efficiency (R-30) 
* Hundreds of popular designs 
* Fast, simple construction 
* Low exterior maintenance 
* Clearspan interior flexibility 


m 


Denton, Texas 
38-3000 


Be your own boss! It’s easy with: 
e Low capital investment programs 
* No inventory requirement 
* Sales aids & video tapes 
* Full training & support 
* Financial guidance & assistance 
* Construction assistance 
* Substantial discounts on homes 
* Unrestricted sales territories 


Own you own successful 
Tri-Steel Distributorhip! 
Call today for more inform- 
ation: 1-800-433-5553 or 
1-800-433-5555. In Texas 
call 1-800-772-5909. 
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AT&T 7104 VOICE TERMINAL 


Save on this loaded, discontinued model 
built by AT&T...whose legendary tradition 
of excellence and top performance has 
brought you the very latest in tele- 
communications technology! 


* LCD for Time, Date, Feature Code. 

* Auto Dialer/16-Number Memory. 

* Speaker for Hands-Free Dialing, plus 
Group Listening with Handset Lifted. 

* Last Number Redial Capability. 

* Simplified Programming Steps. 

* For TouchTone® Dialing Systems. 


* Can Access Long Distance Services. 

* Can Disconnect Calls Without Handset. 

* Fully Modular. Ring Volume Control. 
Hearing Aid Compatible. 

e 5" Hx 7%" Wx 8%" D. FCC Registered. 


90-Day Limited C.O.M.B. Warranty on Parts/ 
Labor. This С.О.М.В. warranty supersedes all 
other limited warranties on this product in- 
cluding those by the original manufacturer. 


Mfr. Sug. Retail... . 3295.00 


Credit card customers can order by phone, 
24 hours a day, 
7 days а week. 


= 
Toll-Free: 1-800-328-0609 


Sales outside the 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 


SEND TO: Нет Н-2012 

С.О.М.В. Direct Marketing Corp. 

1405 Xenium Lane N/Minneapolis, MN 55441-4494 

Send. ATAT Telephone(s) shown below at $79 each 

plus $5 each for ship, handling. (Minnesota residents add 

6% sales tax. Sorry, no C.O.D. orders) 

Send. Black, Нет H-2012-7050-115 

Send... White, Кет H-2012-7050-164 

О My check or money order is enclosed. (No delays in 
processing orders paid by check. 

Charge: O viSA* (О MasterCard» Г) American Express® 


Асс No. Exp. 
PLEASE PRINT CLEARLY 


Name 
Address 
су 
State. 

Phone. 


Sign Here 
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Your home workshop 
can PAY OFF 


This Опе Low-Cost Power Tool— 


SAWS to desired Width... 
PLANES to desired Thickness... 
MOLDS all popular Patterns... 


All at once or separately. . . All By Power Feed! 


Only 3-in-1-Workshop Tool Of Its Kind! 
From the Day It Arrives... Your Planer will 
make and save you money. With shortages and 
inflation driving lumber prices sky-high, this 
versatile power tool easily pays for itself by 
quickly converting low-cost rough lumber into 
high value finished stock. In just one pass turn 
out your own quarter-round, door and window 
stop, casing, tongue-and-groove . . . all popu- 


lar patterns. Other Foley-Belsaw operators are ; 


making cases for grandfather clocks, furniture 
picture frames, fencing, bee hives, bed slats, 
surveying stakes . . . all kinds of millwork 


Built For Pros. . . Priced For 
the Home Craftsmen 


. itis engineered and built to industrial stan- 
dards, but factory-direct selling keeps the price 
low. Handles tough oak and walnut as easily as 
pine, and so simple to operate even beginners 
with no experience can use it. 


Start Your Own Business 
Earn Extra Income 
Right at Home 


With just this one low cost power-feed machine 
in a corner of your garage or basement, you 
can set up a profitable business by supplying 
lumberyards, cabinetmakers, carpenters, re- 
modelers, contractors and hobbyists in your 
area with custom-planed lumber, trim, mold- 
ing...ALL of their millwork requirements. 
Supply picture molding to art shops, hardware 
and department stores, or sell direct to framing 
shops. All standard patterns in stock. . .cus- 


tom knives ground to your design or sample. 


BOOKLET! 


Get FREE Book 
with facts and 
full details... RUSH 


| COUPON TODAY! 


17 coupon bas been re 
moved. just send postcard. 
uith пате and 

addres to 


FOLEY-BELSAW CO. 
90986 FIELD BLDG. 
KANSAS CITY, MO. 64111 
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d C] YES. please send me the FREE Booklet that gives me 
[| ‘on how | can qualify for a 30-Day Free Trial right in my own 


|| NAME 


і ADDRESS 


city 
i STATE ue 


Guarantee of Satisfaction 

Try the Foley-Belsa n 
shop for a full 30-Days 
work for you. Give 
and make it pro 
thing we say it 
as you м 
pletely satisfied just send 
we'll return every 


5 there 
Ourflat # 
100% #9 


Satisfied огу 


Does The Foley-Belsaw Pay? YOU BET! 
READ WHAT OTHER FOLEY-BELSAW OWNERS SAY: 


А Good Investment: "' believe that the Planer is the best investment | 
ever made. I've been a planer man for years and am now retired. The 
Foley-Belsaw has earned me over $60,000 extra income in the past 
eleven years. 

Robert Sawyer, Roseburg, Oregon 


Pays For Itself: | bought a batch of walnut in the rough, and after 
planing it on the Foley-Belsaw I figured up the money | had saved. It 
was enough to pay for two-thirds the cost of the Planer. It really does 
а good job. 

R.S. Clark, Springfield, Ohio 


More Than Expected: "This machine pays for itself by making 
money out of scrap boards. It is a very well built machine and | con- 
fess it is more than | expected for the price. It does everything you 
say it will 

Stephen Schultz, Orangeville, Penna 


=. And Foley-Belsaw Is The Choice Of Professionals: "| recom- 
‘mend Foley-Belsaw's Planer-Molder-Saw as the most useful shop 
tool that any craftsman could own. We use ours every day in the 

WORKBENCH model shop. and couldn't get along without it 
JAY HEDDEN — Editor of WORKBENCH Magazine 


NO OBLIGATION and 
NO SALESMAN Calls! 


Kansas ay. Mo. YEL | 


Complete facts about your Planer-Molder-Saw and full details 


Shop, | understand there is No Obligation and that No Sales- 
тап will сай. 


Mastering the baiii 


[Continued from page 84] 


16-inch holes through the front. The 
position of these holes isn't critical, but 
roughly center them top to bottom, 
and drill them about eight inches 
apart. Take the front and place it in 
position. Check to see that it is level 
and right where you want it, then se- 
cure it with a pair of spring clamps. 
Open the drawer, and drive а ?4-inch 
screw through each of the two holes 
in the drawer front to secure the 
drawer face. Now remove the clamps 
and close the drawer. 

Insert the next drawer and close it. 
Drill it as above. Lay a 's-inch-thick 
strip of wood atop the edge of the bot- 
tom drawer face. Rest the next drawer 
face on this strip, checking to see that 
it is aligned left to right, and secure 
the face to its drawer with two spring 
clamps. Open the drawer, and screw 
through the front of the drawer into 
the face just as you did for the first 
drawer. Remove the clamps, close the 
drawer, and continue to the next one. 
Repeat until all faces are in place. 


Hanging the doors 


These go up with special European 
hinges. I used Blum hinges, available 
from The Woodworkers' Store. Use two 
catalog No. D9620 hinges for the left 
door (full overlay), and two No. D9621 
hinges for the right door. You'll also 
need a special bit to install these. Fol- 
low the instructions provided with the 
hinges. The last step is to drill the 
two right-most uprights with 14-inch 
holes to accept shelf-support brackets. 
Make up three or four shelves, and 
put them in place. 


Medicine and magazines 


The medicine chest is designed to 
sit between two wall studs. I used 
vinyl-faced particleboard for the case. 
Glue and screw the case together, then 
drill for the shelf-support brackets. 
Add the ash casing, and make a few 
shelves. 

Hang the door with a pair of Blum 
full-overlay hinges. To mount the cab- 
inet in the wall, cut a 14'5-by-24-inch 
hole through the wallboard between 
two studs. Run a few beads of con- 
struction adhesive down the back of 
the cabinet, and press it in place. 

Cut out the sides and bottom of the 
magazine rack, and rabbet them to ac- 
cept the front panels. Cut out the com- 
partment bottom; then, using miters 
at the bottom corners, glue the frame 
together. Add the two ash front pan- 
els, make up the optional pencil rack 
(for crossword fanatics), and finish 
with varnish or lacquer. To mount, run 
a few beads of construction adhesive 
down the back. Press in place on the 
wall, and secure with a prop for a few 
hours until the cement sets. us 


Sz aa er) 
Authorized COMB Liquidator 


NIPPON" TELEPHONE ANSWERING MACHINE 


With Beeperless Remote Control! 


Get The Message! Because of our special arrangements 
with the vendor, you can get a money-saving buy on a 
compact, microprocessor controlled Beeperless Telephone 
Answering Machine! It's feature-packed with built-in micro- 
phone, full-range volume control, 2-way conversational 
recording, automatic outgoing message check. Toll-Saver 
helps save long distance dollars. Attractive gray color. 2%” H 
x 10" W x 7%" D. ULL listed. FCC registered. 
* Voice Activated Beeperless Remote Control for 

Message Retrieval and Outgoing Message Change. 
* Remote Turn On, Erase and Coding Capabilities. 
* Call Screening Capability, Plus Memo Recording. 


90-Day Limited Factory Warranty on Parts/Labor. 


Mfr. List Price: 99.95 Бе 
Liquidation Priced At ............ 
Item H-1980-7024-805 Ship, hand: $5.00 ea. 


- CASIO* CREDIT CARD FAMOUS BRAND CANON TYPESTAR" 5 
SIZE FM STEREO RADIO QUARTZ WATCHES PERSONAL TYPEWRITER 


Experience It . . . thelatestin Japanese These striking Dufonte watches by Lucien Type ] 
radio miniaturization with this discontinued Piccard are look-alikes of Word famous еч кз tide ote oats 
FM Stereo Radio. Hear crisp stereo/mono watches, selling for thousands of dollars. Typewriter. Has 44-character keyboard, 
sound through twin earphones included. They're now at a LOW liquidation price due io built-in typestyles (Courier 10 or Cubic 
Thumb wheel controls. Recharging adaptor to an inventory adjustment. Precision PS), Uses " cells (not incl). 

provided. quartz brushed gold-tone dial, hands, hour © Lightweight 6 Ib. Portable in a Briefcase. 


ө Fits in Your Pocket, Headband or Wallet. markings. Notched bezel. 
ө Only 1 oz. and ув” Ultra-Thin Portability. 
1-Yr. Ltd. Factory Warranty Parts/ One-Year Limited Factory Warranty. 
Mfr. List: $199.95 $ 
Liquidation 
Priced At . 


90-Days Labor. 90-Days Labor. 
Men's: Item 7013-360 S/H: $3.00 ea. 


Mfr. List: 49.95 52 4 eae $249.95 $1 2 © 
Women's: Нет H-1980-7013-352 S/H: $3.00 еа. o Priced A Sane 


Toll-Free: 1-800-328-0609 соте can order 


SEND ME THE ITEMS 1 HAVE LISTED BELOW v de йет Н-1980 


C.O.M.B. Direct Marketing Corp. 
Sales outside 48 contiguous states are subject to 1405 Xenium Lane N/1 Minneapolis, MN 55441-4494 
special conditions. Please call or write to inquire. 


* Easy-To-Read 15-Character Display. 
1-Yr. Ltd. Factory Warranty Parts, 


Send the items indicatedatleft (Minnesota residents add 6% sales tax. Sorry. no C.O.D) 

D My check or money order is enclosed. No delays in processing orders 
paid by check) 

Charge: O VISA® O MasterCard, О American Express® 


Acct. No. ва 

PLEASE PRINT CLEARLY 

Name. 

Addres 

City 

State ZIP. 
Phone —L ) 


Sign Here. 
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TOTAL (Products plus ship, handling) 


The 1987 Razcal CO 


OUR HIGHEST QUALITY 
AFFORDABLE 
ELECTRIC 3-WHEELER 
Take this compact, portable 3-wheeler 
anywhere. Easy One-Hand Operation. 
Built-In Battery Charger. Rear Suspen- 
sion System. MEDICARE and pri- 
vate insurance reimbursable. 30 DAY 
FREE trial. Call or send coupon below 

for a FREE 20 page color catalog. 


1-800-662-4548 


Electric Mobility Corp., Dept.2044 
#1 Mobility Plaza, Sewell, NJ 08080 | 
Мате | 
Address. 1 
l 
| 


сиу. 
Phone (__). 


r------ 


WIN A JEEP WRANGLER OR $10,000.000 IN CASH 
NEW CAREER SWEEPSTAKES— 
OVER 1,000 BIG PRIZES 


«a LOCKSMITH 
EARN WHILE YOU LEARN—SEND FOR FREE BOOK 
Big opportunities. Big profits. Earn quickly. Е. 
at home, it’s easy. Do real jobs while you 
Materials 


YOUR FREE CAREER GUIDE AND OFFICIAL SWEEPSTAKES 
RULES MAIL TODAYI YOU MUST ENTER TO WINI 

No purchase necessary Only US residents 18 years of age or older are 
eligible. Void where prohibited by law Sweepstakes ends Ар! 30, 1987 


oodMize 


(e Portable Bandsaw Mills 
* One Man Operation • Safe -Precise 
— * Capacities to 32'Dia. x 33 Long 
* More Lumber Per Log 
E Prices from 


$3,995.” 


The Ecological Toilet System 


NO WATER 
NO CHEMICALS 
* NO SEPTIC TANK 


Sancor Industries Ltd. 
140 - 30 Milner Ave.. Scarborough. Ont. M1S ЗАЗ 
(Call9-5E,S.7. Mon-Fri) CDA. 416-299-6686 
In U.S.A.: TOLL FREE 1-800-387-5126 
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“Say, Smokey—” 


A clinic on cars by Smokey Yunick, 
America’s most famous mechanic 


Is ABS worth it? 


In its 1986 auto issue, Consumer Re- 
ports stated that the anti-lock brak- 
ing system (ABS) was a very desirable 
feature on Lincoln Town Cars. Gen- 
eral Motors literature indicates that 
it has ABS as an option on several of 
the company’s more expensive cars. 
Have you tested GM's version of ABS? 
Do you think it's worth the extra $700 
to $800? I am thinking of replacing 
my wife's car, which recently did a 
180-degree about-face while braking 
on a rain-slick street, jumped a curb, 
broke a fence, and did about $2,000 
worth of damage to itself. 
Calvin O. Hodge 
San Antonio, Texas 


I think anti-locking brakes are very, 
very good. I hope all cars will soon 
have them as standard equipment. But 
they are a very complex mechanical- 
electrical system, and there are almost 
no repairmen who are expert in fixing 
them. When they work, they're great. 
But when they don't, they can get you 
into trouble because you've gotten used 
to braking later with total confidence. 
I look forward to ABS evolving into a 
simpler, cheaper system. 


Cam killer 


In 1981 I bought a Plymouth Reliant 
K. In 29,000 miles it has had the cam- 
shaft replaced twice. The first time, a 
Chrysler dealer told me it was because 
I hadn't used a Chrysler-brand oil fil- 
ter. After that, I made a point of hav- 
ing the car serviced only by Chrysler 
dealers. The second time, the mechan- 
ics told me to change the oil and fil- 
ter more frequently. Why should the 
camshaft go bad twice in so few miles? 

Joseph Filipiak, Merrick, N.Y. 


I think more preventive maintenance 
would help. The toughest job oil does 
in an engine is lubricating the cams 
and rockers; friction and pressure 
loads are very high on these parts. The 
high-pressure part of the additive pack- 
age in motor oil is the first to break 
down; by the time you've gone 5,000 
miles, there's hardly any left. Good oil 
and frequent changes are the best in- 
surance. Also, Chrysler has issued new, 
lower-tension valve springs to reduce 


cam wear on 1981—'83 2.2-liter en- 
gines. Make sure your dealer installed 
these with the new camshaft. Finally, 
remember that over-revving the engine 
can be a cam killer, too. 


Rippled rotors 


After 15,000 miles, my 1985 Honda 
CRX has developed a pronounced 
shaking while braking. l've noticed 
that the rotors are not wearing evenly 
(radial ripples are forming), but they 
don't appear to be scored. Any ideas 
as to the cause? 

George Sacco Jr., Stoneham, Mass. 


Check the discs: I'll bet you'll find that 
they're warped. This could be caused 
by over-tightening the wheels with an 
air wrench, or by hard use of the 
brakes followed by sudden cooling, 
such as driving through rain puddles. 
Possibly your style of driving is just 
too aggressive for the rotors. If brakes 
are used too hard when they're new 
and haven't yet seated in, the lining 
becomes glazed. Then its coefficient of 
friction drops, requiring more pedal 
pressure to deliver stopping power. This 
generates much more heat, which can 
cause the discs to warp. Have a ma- 
chinist turn the discs, if they can be 
brought back within allowable specs. 
If not, replace them. 


The hot stumbles 


I have a 1984 Ford F150 pickup with 
a small V8 engine and automatic 
transmission. My problem is hesita- 
tion. If I turn the motor off for about 
10 minutes when it's warmed up, it 
will hesitate and sometimes die when 
Istart it again. The dealer has tuned 
it, adjusted the carburetor, and re- 
placed the ignition wires, but these 
didn't help. 

Rick Bush, Grayson, Ky. 


First, have the emissions equipment 
checked, especially the exhaust-gas- 
recirculation (EGR) valve. Then check 
the fuel pump, fuel lines, and carbu- 
retor for possible overheating. I sus- 
pect gasoline vapor is forming in your 
fuel system, causing the hesitation, 
which can be a symptom of lean mix- 
ture. If I'm right, the problem should 
be worse on hot summer days. You can 


run flexible ducting to bring cooling 
air to the hot area, or reroute fuel lines 
away from sources of heat, such as the 
exhaust manifold. 


Bad vibrations 


I have a 1986 Buick Century Limited 
with a 2.8-liter V6 engine. Since the 
car was new, it has had a low- 
amplitude vibration when driving 
that is most noticeable in the seat and 
armrests. The dealer has provided 
good service, but the problem persists. 
The torque converter has been modi- 
fied, universal joints changed, brake 
discs replaced, and the wheels bal- 
anced and re-balanced. Have you any 
suggestions? 

G. A. Wright, Kingston, Ont. 


I think the real culprits are the motor 
mounts. If they aren't designed right, 
they can trigger a resonant vibration 
in a component such as the air condi- 
tioner or alternator, or in the exhaust 
system. See if you can isolate the parts 
that are resonating during a careful 
drive around the block, and stay in 
touch with Buick to find out whether 
a factory bulletin has been issued de- 
scribing a fix. Also, in a car with a 
high gear ratio, a very rough-running 
engine can cause a noticeable vibra- 
tion. Some possible causes are too 
much ignition advance, too much 
exhaust-gas recirculation (EGR), or a 
too-lean fuel mixture. If your problem 
persists, Buick has a customer- 
assistance number that can be help- 
ful: Call (800) 521-7300. 


Smoking Honda cure 


I have a tip for Honda owners like the 
one in the June issue (Trying to Stop 
Smoking) who have problems with 
heavy smoking at start-up after the 
car has been sitting for several hours. 
The problem is the rubber O-rings 
that seal the pre-combustion chambers 
in the head, where the auxiliary in- 
take valves are located. The O-rings 
harden with age, allowing oil from the 
top of the head to seep into the com- 
bustion chambers. The problem goes 
away when the engine warms up be- 
cause everything expands enough to 
make a seal. The cure is replacing 
those O-rings. 

Walter Baroni, Chicago, Ill. 


Nice work. I missed that one. 


Got a car problem? Send it to “Say, Smokey—," Роғшля 
Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 


id Your 
Property 

of Unsightly 
Brush Piles! 


Turn a mess like this... 


into beautiful FREE mulch 
in less than one hour! 


1987 Garden Way nc 


with the Amazing New SUPER 

TOMAHAWK® Chipper/Shredder 

exclusively from Garden Way! 

* It's a powerful Chipper... handles big 
branches up to 3" in diameter with 
ease! 

* It's an efficient Shredder... turns almost 
any organic matter into perfect 
mulch and compost instantly! 


Revolutionary New Compact Design... 7 
ways better than bulky “old-style” 
chipper/shredders! 

© Professional Quality... designed, sized 
and priced for the homeowner! 


Send for FREE FROM THE MAKERS OF 
for т 
details today! 


Garden Way Mfg. Co., Dept. A438 313 
102nd St. & 9th Ave., Troy, М.Ү. 12180 


YESLI want to know more about the amazing 
SUPER TOMAHAWK Chipper/Shredder! Please 
send me complete details including prices, models 
and SPECIAL SAVINGS OFFER right away! 


CRUTCHFIELD 


You'll find the most helpful shopping infor- 
mation in the 108 page Crutchfield catalog. 


FREE 


Stereo & Video 
Catalog 


Refer to the Crutchfield catalog 

before buying your next car stereo, 

home stereo, or video product: 

* 108 pages of helpful articles, consumer 
tips, charts, and installation guides. 

* Color photos, complete descriptions and 
technical specifications on hundreds of 
the finest brand name products. 


You get more value shoppin; 
Crutchfield: ERR 


* Toll-free product advice, ordering, and 
customer service. 

24 hour shipping. 

Absolute satisfaction guaranteed. 

Full 30-day return privileges. 

Discount prices on Sony, Pioneer, JVC, 
Teac, Akai, Advent, Jensen, Clarion, 
Concord, Sherwood, Canon, Infinity, 


and many more! 
p == — с=ш= = — — — == а — 


Call or send this coupon 
p now for your FREE Catalog 


! 
! 800- 336-55661 


In Virginia, call 800-552-3961 


і 
[| Name i 
I Address. Apt. # I 
[| City State Zip 
- dede. ам 
l Year Make Model | 
Ye 
bus 1 


| CRUTCHFIELD ! 


1 Crutchfield Park, Dept PS, Charlottesville, УА 22906 || 
b m — ee eee шиш мшш шин — Án di 
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Taking Care of Your Car 


By STEVE MERCALDO 


Got a useful car tip? Send it (with Social Security No.) to Car Care, 


Poputar Science, 380 Madison Ave., New York, N.Y. 10017. We'll pay 
$50 if we use it. If two or more readers send the same tip, payment 
goes to the one with earliest postmark. No tips can be returned. 


VALVE SPRING 


Valve-spring tip 


When a cylinder head’s valve seats are 
reconditioned, some metal stock is 
usually removed. This allows the valve 
to sit more deeply in the head. The 
result: The valve stem protrudes far- 
ther, and valve-spring tension is 
decreased. This reduction in spring 
tension can lead to valve float at 


Bright idea 


An instrument-panel-light circuit that 
keeps blowing fuses may have either 
a bad socket or an improperly in- 
stalled bulb. Pull all of the bulbs to 
make sure that they have been prop- 
erly installed. If any bulbs are miss- 
ing, replace them. A short could be 
caused when the bulb’s center post 
dangles against the socket’s wall. 


higher engine speeds—and eventually 
to premature valve failure. To check 
spring height, install the valve. Then 
measure each spring, and compare the 
reading with the specification. Exces- 
sive spring length can be corrected by 
installing a washer of the proper thick- 
ness under the valve spring. 


Eyeballing ball joints 


Worn ball joints can cause a host of 
suspension problems. But worn-out 
ball joints are easy to spot if they have 
a built-in wear indicator. With the ve- 
hicle at normal (weight on wheels) 
curb height, eyeball the grease fitting 
boss. If the boss is flush with the ball- 
joint housing, replace the tired joint. 


COUPLER NUT m 


Pipe-plug ploy 


Square-headed pipe plugs tend to get 
rounded off by hasty mechanics using 
the wrong tools to remove and install 
them. Removing the plugs properly is 
actually easy: For convex plugs, use a 
box-end wrench, long coupler nut, and 
drive socket of the proper size. For con- 
cave plugs, a correct-size socket driver 
will fit the job nicely. 


Oil-leak quick fix 


Oil leaking from the front of an en- 
gine is often caused by a worn har- 
monic balancer oil seal. And unfortu- 
nately, the bad seal may wear a groove 
in the balancer's neck, making the 
leak worse. Some mechanics might re- 
place the balancer. But there's no 
need: A sleeve kit pressed over the 
grooved neck restores the balancer. 
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RODU 
NT the talented, 
little, pocket meter. 


Here's a new, card size, 
personal meter for testing and 
checking electrical wiring and 
equipment—at home, in your car, 
and on your job. Our DM1000 
folds to approx. 4.5"H x 3"W 
x 0.5"D, weighs only 3 oz, and fits 
easily into any pocket. Packed with 
high technology features, this 
professional quality meter lets 
you measure up to 500V ac/dc 
and 20 megohms, and sounds 
a tone to indicate continuity 
during wiring checks. 

Convenient: This handy meter per- 
forms within its own self-contained, 
vinyl case, complete with attached 
probes. Probes pack easily with two 
velcro straps. 
Easy-to-read display: Read large, 
clear numerals on a high liquid crystal 
display (LCD). 
Simple to operate: A single rotary 
switch immediately accesses all 
functions — dc or ac volt:., ohms, and 
continuity/diode. 
Quality at low cost: Features include 
0.7% basic dc accuracy and auto- 
ranging, at an affordable price — $35. 
Satisfaction guaranteed. RISK FREE 
30 day money-back return. 
FULL ONE YEAR WARRANTEE. 
Order by phone: 
Call Toll Free: 
1-800-221-5749 
In CT 203/967-4441 
Monday-Friday, 8-5, 
Eastern Standard Time 


SIBER HEGNER NORTH AMERICA INC. 
5 Landmark Square, Stamford, CT 06901 


Send ___ DM1000 pocket meter(s) at $35. each, 
plus $2. each for shipping and handling. 
My check or money order is enclosed. 


VISA" MasterCard" 
Eni. S 


Charge: 


Acct. No. —À | 
PLEASE PRINT CLEARLY 

Name 

Address 

City 

Ба. — — — —— — p. — 
юе E 
Signature 


©The men's Charles- 
ton is 1-1/4" in diam- 
eter, the women's is 
17. The tiny mer- 
cury cell will pow- 
er the watch for 
18 months be- 
fore it needs 
to be re- 
placed. 


A tribute 
to the golden 
twenties... 


Classic 
Charleston 


Just $5 935* *But read the ad for 


an even better deal! 


Uema old-fashioned, the Charleston Watch is patterned after 
one of the most popular watches of the 20's. rodell-7 now brings this 
watch with a splendid Japanese quartz movement, 2-micron goldplated case, 
steel back, and pigskin strap. This identical watch is nationally advertised for $125. 
Weare the pom importers of rodell-7 watches and are able to offer the Charles- 
ton for just $59.95. And here is the "special deal": Buy the pair for $119.90, and we shall 
send you a third watch (men's or women's, tell us which), with our compliments— 
absolutely FREE! Treat yourself to this beautiful touch of luxury and nostalgia! 


FOR FASTEST SERVICE, ORDER Note: For quantity orders (100+) with your com- 
TOLL FREE (800) 431-9003 pany logo on the dial, call Mr. Ernest Gerard at 


24 hours a day, 7 days a week (415) 543-6570 or write him at the address below. 
Please give order 410908809 (Men's); #1091B809 


(Women’s); 41092 B809 (Pair, plus Bonus). If you е ш H 
prefer, mail check or card authorization and expira- 
tion. We need daytime phone for all orders. UPS/in- 
surance: $5.95 for one Charleston Watch, $8.95 for 
three. Add sales tax for CA delivery. You have 30-day 


return and one year warranty. 131 Townsend Street, San Francisco, CA 94107 


Amazing Lens Projects 5 ft. Picture 


BUILD A BIG SCREEN T.V. 


SPECIAL OFFER 
549°5 Value 


Including tube mounted lens, cabinet plans and specifications 


Place 13'-15" portable TV set in 
cabinet, the lens will enlarge it to a Giant 
5 ft. Diagonal picture. 

Save $2,000.00 plus . . . Only $40.00 
worth of common particle board, screws, 
nails, hinges and corner braces are need- 
ed to construct this cabinet. Finish to your 
choice of paint, stain, antique or 
decorative laminent. 

Build yourself or have a cabinet shop 
do the work - either way, you can easily 
save up to $2,000.00 and more from store 


FREE . . . Design Plans, nationally 
advertised and sold for $15.00. Free with 
your lens system. 

MONEY BACK GUARANTEE 

If not satisfied for any reason, return 

within 30 days for a full refund. 


UNIQUE GIFT ENT. PS 35 
3862 E. Bay Dr., Ste. 184, Largo, FL 33541 


UNIQUE GIFT ENT. PS 35 
3862 E. Bay Dr., Ste.184, Largo, FL 33541 


О Ріваѕе rush Big Screen TV System, NAME _ 
which includes: Tube Mounted Lens 

Assembly and Cabinet Model Design ADDRESS _ 
Plans ($49.95 value). Send $29.95 plus. cir, 

$4.00 shipping and handling. Total — 
enclosed; $33.95. Florida residents add crATE 


5% sales tax. U.S. Funds Only. 


Wordless Workshop 


By ROY DOTY 


Ave., New York, N.Y. 10017. Only purchased ideas are acknowledged. 


Social Security No.) to Wordless, Ролан Science, 380 Madison 


$50 to Walter A. Good of Port Richey, Fla., for this idea. Send yours (with 
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Now you can 
have Lifetime 
Security in a 

CASH business 
where you can 
easily make up 


to $200.00 per 


day and more 


Find out how... 
... Send NOW for your 


FREE Lifetime Security Fact kit 


Your FREE Lifetime Security Fact Kit tells you 
how to make $18.00 to $30.00 an hour in your own 
Foley-Belsaw Full-Service Saw and Tool Sharpening 
Business. Your FREE Fact Kit explains how you can: 


— be your own BOSS! 

— work full time or part time, right at home. 

— do work you enjoy and take pride in. 

— operate a CASH business where 906 of every 
dollar you take in is clear cash profit. 


And it is so easy to learn. Foley-Belsaw gives you 
all the facts and instructions. No previous experience 
or special training is necessary. All you need is the de- 
sire and ambition to be your own boss. Foley-Belsaw 
tells you everything you need to know to be 
successful. 

There's plenty of business where you live to keep 
you busy. It doesn't matter whether you live in a big 
city, small town or a small farm community. 

You'll quickly be able to develop the skills necessary 
to earn a steady income. You'll be able to sharpen all 
types of saws, garden and shop tools for home, farm 
and industry. 

Profits from your Foley-Belsaw Full-Service 
Sharpening Business can provide... 

... CASH for future security or supplemental 

income 

... CASH for travel, vacations, fishing trips 

... CASH for the things you've always wanted! 


And you'll be able to set your own hours and not 


have to worry about layoffs and strikes. There are no 
franchise fees. Best of all—age or physical condition 
is no barrier—any age person can succeed. 


You can be like Steve Taylor of Brookville, Ohio, 
who told us: 


*... the first year I grossed $21,000.00.” 
Or James B. Jones, of Albuquerque, NM who reported: 


“This past summer my sales and service amounted 
to almost $6,000.00 a month.” 

But you've got to get the FACTS before you can 
get started. So WRITE NOW for your FREE Lifetime 
Security Fact Kit. Its yours to keep with NO 
OBLIGATION. The Foley-Belsaw Company 


20391 Field Building 
Kansas City, Missouri 64111 


FREE 


LIFETIME 
SECURITY 
FACT KIT 


€ MÀ а  !na€ n uns € 
The Foley-Belsaw Company 
20391Field Building 

Kansas City, Missouri 64111 

О YES, | want to know more! Please rush 
my FREE Lifetime Security Fact Kit. 
No obligation 


су State Tip 


US PME 


) 
Area Code Phone _! 
————M—————————— шш ш 


A selection of products and services for Popular Science readers available direct by mail. Enjoy the fun and convenience of mail 
ordering shopping. Please order directly from the advertiser. For advertising rates for this section, write Advertising Sales, Popular 
Science, 380 Madison Avenue, New York, N.Y. 10017 


you want 
FREE! 
You can drill 

a water well in 
your backyard 
next weekend! 
Over 99,000 
home water wells 
drilled this easy, 
low-cost way 
since 1962! 


CALL TOLL-FREE 
1 -800-821-7700 


(Ask for Operator 5164) 
Or Clip Coupon and Mail Today! 


| 
| 
| Please mail your FREE Brochure. 
| 
| 


| 


Print Name. 

| Aadress 

| 

| Giy7Stare7Zip t1987 5164] 


WEDDCRAET 


FREE 
Tool 
Catalog 


Quality 
Products For 
Woodworkers 


Send today for your FREE copy of our new 
colorful catalog. It's fully illustrated with 
the finest quality tools, supplies, books, 


components, hardware, and much more. 
Satisfaction Guaranteed. 

Write today for your FREE catalog. 
WGDDCRAFT SUPPLY CORP. 
Dept. PS17 

41 Atlantic Avenue, Box 4000 
Woburn, Massachusetts 01888 


- 


CURIOUS MECHANICAL MOVEMENTS 

Explore a 1927 picture book of almost 1000 differe 
mechanisms. Every from unusual 

acoustic telephones to mining devices an 

motion mi Dynamite illustrations! Fascina 
Don't pass this up! 412 page paperback 

Order no. 4406 $ 


CHARCOAL FOUNDRY 
Convert a five gallon pail int 

aluminum, pot metal, bras: t scrap into ingots 
and machine parts. Best selling paperback! 1980 


Order. no. 163 $6.95 


ALTERNATOR SECRETS 
t thousands of watts from 
Run tools lights. 

light arc weld 

booklet! Secrets! 

Order no. 80 


Jam-packed 
$3.00 


RUN THREE PHASE MOTORS ON 
SINGLE PHASE POWER! 

Learn three proven methods in use since the tu 
century! N sily done. Jam-paci 
booklet! 

Order no. 81 


r rewinding! 


$3.00 


PO Box 12-EB, Bradley IL 60915-0012 Ti 


L1 Send a catalog! I've enclosed $1.00 ($3.00 foreign airmail) 


TESLA < COILS 


TESLA COIL SECRETS 

Page through the private notebooks of a 
builder of lightning bolt generators! Incredible 
diagrams and secrets! Rare info! paperback 
Order no. 4317 $6.95 


Giant How-to Catalog! 


Discover rare, top-rate paperbacks, text 
books, industrial references on all types of 
unusual how-to: foundry, machine shop skills, 
engine repair, electronics, alternate energy 
homesteading, survival skills, much тоге! 
Send $1.00 ($3.00 foreign airmail) for your 
copy of our latest catalog — filled with more 
great books than we can fit in this ad! Or re. 
quest free catalog with any book ordered from 
this ad! 


HOW TO ORDER 
Send your name, address, a list of the books 
you want, the total book cost, plus 75€ for 
book and 25€ for each additional to 
hipping and handling. We accept 
ү orders. Or send VISA or 
umbers with signature. Il 
linois residents add 6% sales tax, All books 
are guaranteed! You may return any book 
within 7 days for refund. Your satisfaction is 
guaranteed! Order today! 


* Write 
Oday! 


T7] Send the books I've listed and a free catalog. I've enclosed 75¢ shipping 


1 for the first book and 25¢ for each additional. 


Name 


Address 


THINGS YOU 
NEVER KNEW 
EXISTED! 


CS Assemble this unique ча 
tractor kit. Thousands. 
used for gardening, land- 

scaping, excavating 

1g of kit construction & uses - $1.00 
ins to "Build-it-yourself" - $7.00 
STRUCK KIT 


MAKE THIS SHADE 
FOR LESS 
THAN $75.00 


Send $1.00 for our big catalog of 
stained glass supplies 


WHITTEMORE, Box 2065DE, HANOVER, MASS. 02339 


David Lee Roth: Eat 'Em And Smile * Goin’ 
Crazy, Yankee Rose, etc. Warner Bros. 
1 


Robert Palmer: Riptide » Addicted To Love, 
iscipline Of Love, Hyperactive, title song, 
more. Island DIGITAL 133507 


Bright, Light 
шашса Theatre п heme, ОП 
AG String, more! АСА DIGITAL. nome A528 
Prince And The Revolution: Parade • Kiss, 


Mountains, Girls & Boys, others. Warner) 
Paisley Park 140234 


ө Winwood: Back In The Hightite 
Love, more. Island 


Tchaikovsky, Symphony No. 6 
гонтам Sympnony Grea ACA 


Mozart, Plano Concertos Nos. 12 & 20 

Rudolf Serkin; London Symphony Orchestra, 

Abbado. DG DIGITAL 

Peter Gabriel: So + Sledgehammer, In Your 

Eyes, Red Rain, etc. Geffen Dary! Hall: Three Hearts In The End- 
ing Machine * Dreamtime, Foolish Pride, 

Vivaldi, The Four Seasons « Pinnock/ Someone Like You, For You, tc. RCA 123691 

English Concert. Archiv DIGITAL 115356 


Linda Ronstadt: For Sentimental Reasons, 
My Funny Valentine, etc. Asylum 154382 


Bach, Organ Works s Daniel Chorzempa 
ТА. Toccata & Fugue in D Minor, тоге. 


Dire Straits: Brothers In Arms * Money For 
Nothing, etc. Warner Bros. 114734 


Rimsky-Korsakov, Scheherazade • Vienna 
Phil./Previn. Philips DIGITAL 115415 


ZZ Top: Afterburner * Stages, Sleeping Bag, 
Velcro Fly, more. Warner Bros, 184048 


Bob James & David Sanborn: Double 
sion, Warner Bros. 123682 


Alabama: Greatest Hite • She And |, Why 
Lad) 


, Feels So Right, etc. RCA 12024; 154381 


THE ULTIMATE IN SOUND AND SAVINGS! 
Yes, take any 3 CDs for only $1 plus shipping/handling. You need 
buy just two more selections at regular Club prices (usually $14.98- 
$15.98) in the next two years. 


HOW THE CLUB OPERATES 

You select from hundreds of exciting Compact Discs described in 
the Club's magazine mailed to you 19 times a year. Each issue highlights 
a Featured Selection in your preferred musical division plus alternate se- 
ections. If you'd like the Featured Selection, do nothing. It will be sent to 
you automatically. If you'd prefer an alternate selection, or none at all, just 
return the card enclosed with each issue of your magazine by the date 
specified on the card. You will have at least 10 days to decide, or you may 
'eturn your Featured Selection at our expense. Cancel your membership 
at any time after completing your membership agreement, simply by writ- 


ng to us. 
FREE 10-DAY TRIAL! 
Listen to your 3 introductory selections for a full 10 days. If not satis- 
lied, return them with no further obligation. You send no money now, so 
complete the coupon and mail it today. 


INSTANT HALF-PRICE BONUS PLAN 
Unlike other clubs, you're eligible for half-price bonus 


savings with the very first purchase you make at regular Club 
prices. A shipping & handling charge is added to each 
shipment. 


CD28 


CD Club, 6550 E. 30th St. Indianapolis, IN 46219-1194 


COMPACT DISCS 
Just 


plus shipping 
& handira with 
Club membership 


115437 134541 


Heart * What About Love? These Eyes, 
Dreams, It Looks Could Kill, Nothin’ At All, 
Never, etc. Capitol 144276 


115306 154570 


Elvis Presley: Return Of The Rocker • Кіг; 
Of The Whole World, Return эке Ту 
Оп You, etc. RCA 


Horowitz in London • Schumann, Kinder- 
Scenen; more by Chopin & Scriabin. RCA 
DIGITAL 162507 


Symphonies Nos. 40 & 41 уы 
исһевїгг 
tone ore aneron inb 


Bizet, Carmen (Film Highlights) • Julia 
Migenes-Johnson, Plácido Domingo, Lorin 
Maazel conducts. Erato DIGITAL — 154105 


The Judds: Rockin’ With The Rhythm 
Have Mercy, Grandpa (Tell Me 'Bout The 
Good Old Days), others. 154265 


Phil Collins: No Jacket Required * One 
More Night, Sussudio, Don't Lose My 
Number, etc. Atlantic 


Mozart, Requiem * Schreier leads the Leip- 
zig Radio Choir & Dresden State Orchestra. 
Philips DIGITAL 115039 


dohn Cougar Mellencamp: Scarecrow 
light, Small Town, Rain On The 
тон, more. Riva 144512 


, Vieni sul mar, 
Henry Man: 


Pavarotti: Mamma» Tie son 
conducte 
Gin London DIGITAL 


Wegner, Orchestral Highlights From The 
Ring + Vienna P 
London DIGITAL 


NND 

Mist AN This Time. ВСА S Serra 

COMPACT 

[›,1 4 ai^ -YOUR SAVINGS START HERE- =] 

L4. Mail to: Compact Disc Club 

1 P.O. Box 91412/ Indianapolis, IN 46291 | 

l YES, please accept my membership in the Compact Disc Club and | 
send me the three CDs I've indicated below for only $1, under the terms 
outlined in this ad. | need buy as few as two more CDs at regular Club prices l 
during the next two years...without obligation to buy anything further! 

| (Shipping & handling added to each shipment.) 


RUSH ME THESE 3 SELECTIONS: (Indicate By Number) 
D D D 
Тат most interested in the following type 1 O CLASSICAL 


emus сен (chackensonl) 2 C POP/SOFT ROCK 


170220 


115168 


IR. 
RS.. 
ISS First Name initial Last Name (PLEASE PAINT) 
Address 
су State Zip 
‘Telephone ( ) 
Area Code 


WASB6 


or reject any application(s). Local taxes, if any, will be added. 


irn am gc ліла ВАСЕ 


Call 1-800-533-5545 today and... 


SAV ET20 290, 


On These Brand Name Parts, 
Tools & Equipment! 


14" Electric Cut-Off 
29 Pc. Drill Bit Set 


Rugged, quality built "d 
f High speed twist drills. 


double insulated. 
hardenedbevel gears. 

sealed bearings,14 1/16" to 1/2” by 64th’s, Rugged 
wheel, 14 amps 3500 steel index is designed for on 
Rpm. Cuts 2"bar and the job convenience. List $65 
46° pipe. Items1552 петғ15091 


Ship Wt 44105. 
Sale $134.95 Sale $15.95 


Cordless Clutch 
Screwdriver 


Call Or Write For 
Your FREE Catalog! 


Heavy Duty Tarp Sale 
Our Tarps are TOUGH! Up to 12 Mil 
Thick. | Not 6 Mil Like So Many Others 


MR. HEAT-IR 
12,000 BTU's with finger tip 
control Great for camping, Ice 
fishing etc. Ship wt. 6 105 

List $87.95 Items 1726 

Sale $39.95 
MR. DOUBLE HEAT-IR 

24,000 BTU' 

heater lights s 
Adjustable trom 6000 BTU t 
24000 B 


$167.00 tems 1727 

Sale $89.95 
{tena not included) 

BARREL ' 


STOVE 
KITS 


INFRA-RED HEATERS 
4. 


Generators (Year Warranty 
4000 Watt (Recoil Start) List $1009.00 
#16402 108 Ibs. $397.95 
4000 Watt (Electric Start) List $1143.00 
#16403 113 Ibs. $485.00 
4000 Watt (Recoil Start) List $1100.00 

#16409 I/C 108Ibs $499.00 
5000 Watt (Electric Start) List $1299.00 
#16405 146 Ibs. $699.00 


nt 
ks 


Gas = 
Engines & > 
9 Jk 
haft. #6051 $139.95 


Horizontal 

5 Hp. Tecumseh 

5Hp. Briggs. '« shalt #6052 $139.95 

BHp. Tecumseh. cast iron sleeve 6081.5192.95 

8 Hp. Briggs. 1” shaft #6080 $222.95 

10 Hp. Tecumseh, cast iron sleeve. 6010 $232.95 

10Hp. Tecumseh. elec start 260101...5289.95 
START_ 


STANDARD KIT 


BLE BARREL KIT. whe 


16 Ton Model #1134..... "$729.95 
New! 20 Ton Vertical, #1160..... $824.95 
24 Ton, Low Profile.1142..........$1179. 

* Comes with 2-stage pumps. heavy duty slides| 
& beams and large oil tanks. 


Vises Descrip. 
15301 а" vise 
15311 5" viso 
15321 Б" vise 


Duat Weld Plus 


Ship Wt 
28 Ibs. 
70 Ibs. 

100 Ibs 


List 
$ 59.00 
$ 89.00 
$105.00 


Sale 
$27.95 
$37.95 
$55.95 


SALE! 


10" Surface Planer 
13.5 AMP motor and no-load 
speed of 8,000 RPM. Gives 
16.000 cuts per minute to 
plane over 25 feet per 
minute on wood as wide as 
10". as thick as 5 
Model#AP-10 Item15582 
Ship wt. 58 Ibs. 


Sale $349.95 


Sale Price 
Dual Weld Starter Kit 


39€ Е] оа | 


Call Our Operators For 


Sale 814995 Correct Spin Start Application! 


Northern 
Hydraulics 


Dept. # 65802 


P.O. Box 1499, Burnsille, MN 55337 
Call our order dept. at 1-800-533-5545 
In MN 612-894-8310 
Hours: Mon. Tue. Wed.Thur. 7am -7pm 

Fri. 7am - 6pm Sat. 8am - Spm 
P.O. Box 11344 Charlotte NC 28220 
outside North Carolina) 1-800-336-2236 
nside North Carolina) 1-800-826-6666 


P ORDER TOLL FREE 1-800-533-5545 
E 


end for free catalog or send $6.00 and receive catalog 
1 and splitter design booklet. 
I Mail То: Northern Name 


Hydraulics 
TE Eu Ra. Address. 
City 


Box 1219 
State 


Burnsville. MN 
55337 
Dept 


Please rush me my FREE 
Discount Catalog! 


30 Ways to Help 
You Qualify fo 
the Job You Want 


Free Facts about Career 
Diplomas and Degrees 
Now at home in your spare 
time, without any previous 
experience, you can train 
for a money-making career 
„even get a Specialized 
Associate Degree. Call or — 
send for free information on the career field that 
interests you most and how to train for it. 


orm 1-800-228-5300/ 5; Я 


TOLL Дт 24 hours a day. 7 days a week 
FREE No cost No байл No salesman wi va 
* == == OR MAIL COUPON TODAY = — = 
International Correspondence Schools 
Dept. PCS17, Scranton, PA 18515 
1 Send free facts on how І can study at home for the 

career | have chosen. No obligation. No salesman 
| "lvii CHECK ONE CAREER ONI 

ASSOCIATE IN SPECIALIZED 


| gais ОЕ ni TECHNOLOGY DEGREE 
}OGRAM: PROGRAMS 
Pine Management C Mechanical Engineering 
Technol 


1 E Accounting 
E Business Management CI Ciil Engineering Technology 
| строп Marketing C Electrical Engineering 
Со Business Management Technology 
with option in Finance Electronics Technology 
| T CAREER DIPLOMA PROGRAMS 
HemmtePropammim ГБ, 
1 Оно Police Science 
F Catering'Gourmet Cooking 
| E Microcomputer Repair mal Business Management 
[Auto Mectancs lidite/Forestry Conservation 
О Bookke ncs 
Же: tau Management © Gun Repair 
Cont C] Motorcycle Repair 
[| ЗА ома D Suran & Mapping 
Refrigeration. түүн йы, 
| Обет 1 Veterinary Assistant 
Travel Agent 
‘These courses are offered by ICS and North American Correspondence 
Schools. 
NAME. AGE. 
ADDRESS. 
1 CITY/STATE/ZIP. 
PHONE NO. ( 
ery 


FACTORY DIRECT 
GRANDFATHER CLOCKS 


Do-It-Yourself Clock Kits 


Press $ 
КА; 
Under 


(including movement and dial) 
OR 


Assemi 
and Finished 


* Solid 3/4” hardwoods: 
black walnut, cherry, oak 

* Heirloom quality 

© Solid brass West German 
chiming movements 
and dials 

© Easy to assemble kits or 
completely assembled 
and finished 

• Money back guarantee 


SEND $1 FOR 
32-PAGE FULL 
COLOR CATALOG 


x EMPEROR 


27 : 

CLOCK COMPANY 

WORLD'S LARGEST MANUFACTURER 
'OF GRANDFATHER CLOCKS 
Dept. 2230 Emperor Industrial Park 
Fairhope, Alabama 36532 e Phone 1-205-928-2316 
| am interested in О Finished Clocks 
C) Do-lt-Yourself Kits 


Name. 
5\ге‹ 
City 


State 
| (please print) 


Zip. 


Start your own business! 


AT 
BEIFLATION! work part time, tull time right at home- we help you every step of the way. 
No experience nece: 
You don’t need to be a ‘born mechani 
prior experience. If you can read, you can master 
this profitable trade right at home, in your spare- 
time, without missing a single paycheck, Lessons 
are fully illustrated — so clear you can't go wrong. 
ч We guide you every step 
of the way, including tested 
and proven instructions on 
how to get business, what 
to charge, how to get free 
advertising, where to get 
supplies wholesale . . . all 
the “tricks of the trade’ 
all the inside facts you 
need toassure success right 
from the start. 


In just a short time, you can be ready to join 
one of the fastest growing industries in America 


. an industry where qualified men are making 
from $25.00 to $30.00 per hour... and that's just 
for labor. Parts, engines and accessories add even 
more to the profits. Because the small en- 
gine industry has grown so 
quickly, an acute shortage of 
qualified Small Engine Pro- 
fessionals exists throughout 
the country. When you see 
how many small engines are 
in use today, it's easy to 
understand why qualified 
men command such 
prices — as much as $49.95 
for a simple tune-up that 
takes less than an hour. 

65-million small engines 
е in service today! 
there are over sixty-five million 
oyee a B 4-cycle small engines in service 
across the U.S.A. That's the official count from 
the TN Service Assn., and new engines are 
built at a rate of one-million per month! 
E? th fully accredited and approved Foley-Bel- 
saw training, you can soon have the skill and 
knowledge to make top money servicing these 
engines. Homeowners and businessmen will 
seek you out and pay you well to service and re- 
pair their lawnmowers, tillers, edgers, power 
rakes, garden tractors, chain saws, mini-bikes, 
go-carts, snowmobiles... the list is almost 
endless. 


You get all this Professional equipment with 
your course, PLUS 4 H.P. Епдіпе.... ALL 
YOURS TO КЕЕР.... All at NO EXTRA COST. 


INCREASED INCOME 
"Гуе had about 8 
years experience re- 
pairing small en- 
gines... but repairs 
were only minor 
until I started the 
Foley-Belsaw Course." 


Walter H. Strick 
Campbell, California 


With our famous ‘learn-by-doing’ training 
method, you get actual ‘hands-on’ experience 
with specialized tools and equipment you'll re- 
ceive with your training, plus a brand-new 4HP 
engine—all yours to keep. 


Send Today for FREE facts! 
You risk nothing by accepting this offer to find 
out how Foley-Belsaw training can give you the 
skills you need to increase your income in a 
high-profit, recession-proof business of your 


own. 

Just fill in and mail coupon below (or send post- 
card) to receive full information and details by 
return mail. DO IT TODAY! 


No obligation 


No salesman will call 
Foley-Belsaw Institute 
51069Field Bldg. e Kansas City, Mo. 64111 


[O YES, please send me the FREE booklet that І 


Qives full details about starting my own business іп 
Small Engine Repair. | understand there is no obligation | 


and that no salesman will call. 
ZIP. 
ШЕШ пыш шыш шыш ш ee 


МАМЕ 


ADDRESS _ 


JANUARY 1987 |. 115 


Infrared Activated 
Security Light 


Low-cost Convenience and Se- 
curity Light - uses on infrared 
sensor that responds to heat & 
movement up to 30 ft. away 
within a 600 sq. ft. detection zone. 


е 


© Stays on as long as activity isin sensor 
zone. Turns off automatically after 
short interval. е Polycarbonate construc- 
tion. *Includes 1-75 wot! bulb. e 110V AC. 
8 foot cord. €4"Lx 7 Wx 114^ H. eUL listed. 
*6 то. limited warranty from manufacturer. 


$89 Compare at $119.95 


Order No. E0351-9996 
Universal 


Shipping & Handling: $2.00 
Aluminum Ladder 


For Outdoor Winterizing, 
Spring "Spruce-Up" Верай 
& Indoor Remodelling! 

Use оз 6' step ladder, 12’ ladder, 
2-man scaffold, or fold to 90° to 
work in stairwells, Six specially 
designed hinges rotate to ony 1 
of 3 positions & lock! Built to 
industrial standards, e Made of heovy 
gauge aluminum. ® Anti-slip rungs. ® Wt.: 
30 Ibs. e Folded: 23'4"L x 9"W x 40!4"H 


$ Compare at $130.00 
89 Order No. E0247-1310 
Shipping & Handling: $14.00 
10 DAY NO HASSLE GUARANTEE 
If you're not completely sotisfied with your purchase, return 
it (герой) within 10 days for a FULL CASH REFUND (les 


shipping & handling). Returned product must be in original 
container and original condition. 


Easily folds to compact 
size of SLx 


9 
Fold-Away Trailer 


Eliminate Rental Costs and Hassles . . . 


Here's the answer to any hauling need! Haul snow- 
mobiles, cycles, wood, furniture, & much more. Feo- 
tures o full 4' x 8' hauling зро 


Folded up: 51 x 2 W x6'H. eUnfolded: 137"L, Full 4' x8 
bed. Mox. load cap.: 990 bs. eCoupler cop.: Closs I, 2000 
lbs. gross. Ball hitch: 1-7/8". @Tires: 4.8-8(0) tubeless, 
B" х 375" rims ot 60 PSI cold. @Licensable in oll states. 
€ Wi.. 190 Ibs. € Assembly required. € 1 yr. Itd. warranty. 


$ 1 85 Compare at $450.00 


Order No. E0264-1360 

Shipped Freigh! Collect 
TO PLACE AN ORDER please type or print clearly 
(on sheet of clean poper) the nome & order no. of the 
item along with your name & address. Enclose a check 
or money order payable to Wholesale America, Inc. 
(be sure to odd ship./hand. charges). You can also 
charge to MasterCard, VISA, or Discover. Print the 
acct. no. & expiration dote & sign your nome. Allow ot 
leos! 7 doys for UPS delivery. Add 2-3 wks. for cleor- 
ing of personal checks and/or freight collect items. 


Send your orders to: 


Wholesale i merica, INC. 


4777 Menard Drive, Eau Claire, WI 54703 


Ere orders or more info coll: 
(accor) 
D 


19,400 BTU 
Kerosene Heater 
Battle the dipping tempero- 
tures. Use os primory heot, sup- 


plementary, and/or emergency 
heat covering approximately 670 
sq. ft! 


Features: * 1.9 gallon tank. 

18 hr. continuous heat. е Bat- 

tery powered, pushbutton ig) 

tion, uses 2 "D" batteries по 

Auto. shut-off. © Fibergloss wick 
3^H x 18% year limited 

warranty! 


$ 9 9 Mfg. Retail: $149.00 FREE PUMP! 
Order No. £0357-2250 „То first 
Ship/Hand. $10.50 500 orders! 


12 gallon capacity 
Wet/Dry Vacuum 


Remove anything from workshop 
floors . . . sawdust, dirt, even wa- 
ter! Big 12 gol. capacity for dry 
dirt or 7% gol. for liquid. 

Includes: 1%" x 6 ft. flexible 
hose, bent wand, 2 extension 
wonds, corpet tool, зди 
gee plate, upholstery noz- 
le, crevice tool, 1 wet 
& 5 dry filters. 


*Bissell 


1 yr. manufacturer's guarantee. 


Order Мо. £0240-5030 
Shipping & Handling: $8.00 


Send $1.00 for the latest 
Money-Saving Catalog 
from Wholesale. 
America! 


Complete Satellite Listings 


Sample Copy $1, or call toll free 


800-358-9997 in U.S. 800-556-8787 in Ca. 
707-725-2476 all others 


Р.О. BOX 308H0301 FORTUNA, CA 95540 


SMALL ENGINES 
‘SNOWMOBILE 
GENERATORS & MORI 
FREE CATALOG 

DISCOUNT PRICES 


SMALL. ENGINE cm 
2512 Lyre So Dep PS. 
Mores VNB, алаа 


Classified Opportunity Mart 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
GARROOMEN. Send lor your free сору 
of “The Psychology of Purity & Chas- 
T enis eei ales , 
50456, Ft. Worth, TX 76105. 


THE 
jon and 
vonne, 


WITCHCRAFT — HARANI 
FORCE. Understand the Old Reli 
the consensus reality. Gavin and 
Box 1502PS, New Bern, NC 28560. 


FREE 1000's Formula’s Recipes. S.a.s.¢ 
Jeykle, 10380 Kingspont, Cincinnati, OH 
1. 


MODEL SHIPS, CARS, PLANES 


WORKING STEAM MODELS 
KITS or ASSEMBLED. 
‘Locomotives, 


Tractors, Lim- 
Qusine, Roadster, Truck, 


А; 
Glar $1.00 Winter 
Discounts. 

DIAMOND ENTERPRISES 


PSM, Box 537, Alexandri 
et Phone: (61: 


BETTER HEALTH 


lale, MN 


Annan 


у, NJ 07753. 


ia Bay, NY 19607 
03229. 


KEYFINDER—The original, 
the best, guaranteed, 
PATENTED worldwide. Just 


FREE REPORT. | survived heart attack Quit 


FREE, U.S. Mint Set. Aj 


provals. Hilde- 
brand, Box 4887, Santa Cla 


lara, CA 95054. 
MINT CATALOGING $1.00, 
with ER Approvals ста, Rt. 2, Вох ШӘР 
530: 


US. AIRMAILS 45 Different Used $2.00, 
Mint $15.00. Eberling, Box 2216, Neptune 
Ci 


Us. 6 Commemorative plate blocks or 
30 mint commemoratives $1.00! Aj 
als. Gordon Davison, 307, Contoocook, 


Е 
45 AUTO. 


SPORTING GOODS 


TRY SOMETHING OLD. Ice age w| 
ons: Spear throwers, target spears, Pl 
Kits, ready-made. Tai interprises, 
110755, Aurora, CO 80011 


WATER PURIFICATION 


DRINK PUREST WATER! Home Di: 
ers. Discount Prices!  800-874.9 
prov. | WATERWISE, Box 45981, Center Hill 

NH | 34254-0459. 

DISTILLERS, AIR PURIFIERS, Ji 
ERS, discount prices! Call (800) 433- 


whistle. As seen on TV for 
19.95—$10 each ppd; 2 or 
more $9 each.Nevada 
residents add 6% sales tax. 
To: Star а гт; гаира 


ü sti ATE T 


COINS & CURRENCY 


BELT BUCKLES for coins, stones. Spe- 
cialty buckles, jewelry mountings, clock 
works, expoxy coatings, Wholesale Cata- 
log 25e, Bl Eloxite, 806 V Tenth, Wheatland, 


OLD INDIAN HEAD CENT— $1.00. Free 
Coin Price List. Wollin & Associates, Box 
799, Dept. 30, Lake Mills, WI 53551. 


doctors. Used 90+ day painless technique. Cancel- 
led surgery— Tossed out pills— Ended discomfort. 
Feel & look, younger. Regained health. Laugh al 
doctors & pills. | am a new man. Helping others. 
Free proof--SEND NO МОМЕҮ--опіу name and 
address! Survival- B , Вох 3256, Austin, Texas 
78764. Dept. 20 


PENNY Stamp Approvals. Regardless | Colorado residents: (303) 695-7700. 
Catalog. C. Kloster, 4164 52nd St. San | 
Diese GA 32108. Beverage Spa ^, 3150-B В. Peoria, Aul 

; ] 
Worldwide Packet. Penny approv- OWNH; cate 
als. Froehlich, Box 177DB, Pine River, WI | covers any water oroblen PO. Box 

965. Cypress, CA 90630. ! 

101 STAMPS 5с. Foreign approvals. GOOD EATING 


White, Box 24166-AF, Indianapolis, IN 
46224. 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CÀ 94975. 


INSIGHT Courage, Decision! Achieve 
through inner Come away like a 
cape-crusader. Have the smug assurance of 
Clark Kent just bursting to tell someone he 
is superman. Essense, 2086-2075 Drive, 
Cedaredge. CO 81413-9628. 


25 US MINT $1.00 with approvals. Carl- 
son, Rt2, Box 112P, Annandale, MN 55302. 


UNITED NATIONS 3 Complete Mint 
Sets 25е, Approvals. Cornetta, POB 1509-P, 
Lake Placid, FL 33852. 


STAMP COLLECTING 


FREE: Discount Stamp Catalogue, Shel- 
ron, Box 547B, North Miami, FL 33161. 


SERIOUS Stamp Investors/Collectors 
Program ($50/month minimum) Free 
membership Information Toll Free 1-800-4- 
A-HOBBY. 


EXCEPTIONAL MEATLOAF, rec 
$1.00. Money Back Guarantee. С 


tem, 1515 Lynch Lane, Clarksville| 
47130. 

FREE popcorn cat Popcorn H 
ucts, PO. Box 292336PS, Columbus, 
43229. or send $11.95 for sampler. 


SURVIVAL EQUIP 


SURVIVAL KITS, FOOD STO! 
WATER PURIFICATION. Send $14 
economical plan, product informatio 
price list: KHJ, Sterling} 

65. 


lassified Opportunity Mar 


Reach 41/7 million readers every month with an ad in Popular Science's Classified Opportunity Mart. 
MARCH Issue Deadline (on sale February 10) is December 24. Rates available on request. Please 
write to: Popular Science, Classified Dept. 6C, 380 Madison Avenue, New York, NY 10017. 


Dorothy Ellis, Sr. Class. Adv. Asst. 


HOVERCRAFT 


RO-CAR Amazing Hovercraft built 
; with ordinary tools. Lawnmower 
e powered. Carries one man plus. 

over land/snow/water. Complete 
and booklet. $10.95. Aero-Projects, 
118PS, Clinton, NJ 08809. 


MANCED ‘Ultralight 
ue controls, simple operation, quiet, 
tile and safe. Infopack $6.00. Write: 

PO. Box 478, Carleton Place, 
rio, Canada, K7C3P5. 


NOMENAL DISCOVERY REVEALS 
| TO HARNESS ANTIGRAVITY! 
MAMIOAL. SECRET OF FLYING 

LEVITATION!) (Disclosure - 
! i ) jack Thurmon, 3554 King Drive, 
lasville, GA 30135. 


7S, INBOARD/OUTBOARD 
MOTORS 


AT Plans — Patterns — Kits — Hun- 
of designs — Sailboats — Power- 
— Sportsfishers — Rowboats — 

boats — Bassboats — Canoes — 

planes — Simple construction — 

n results — Tremendous savings! 

Xie 160-page catalog $3.00 ($4.00 

ail) — Includes Free. "Boatbuilding 

lies" io GLEN-L. 9152 Rose- 

, Вох 1804SP, Bellflower, CA 90706. 


Hovercraft'. 


ART 


ORIGINAL oil paintings on canvas 
assorted sizes, scenes. Particulars free. 
Smith Enterprises, 7920 Ransom Rd., Nor- 
folk, VA 23518. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding 
Book. Price: Hedelund Engineering, Box 
26024, Las Vegas, NV 89126. 


QUICK FIT SNOW CHAINS New Rud- 
matic put on in seconds. All cars RV'S. Free 
Information. A-Tech S, 6265 Lt. Applegate, 
Jacksonville, OR 97530. Ph. (503) 899- 
8061. 


amo н. KITS: WHOLE- 
SALE CATALOG $2.00. E.S.G., Dept. PS, 
Bass 12068; Lansing, MI 48901, (517) 322- 


DIESEL: Cold weather start. No block 
heater, Common household item, Plus glow 
plug timer control, Instructions & draw- 
ings. $5.00. Hard Times, 1003 Main St. Ob- 
erlin, PA 17113. Pa. add 6% tax 


$ KOREAN DRIVER'S STOCK $ 
Wear on calf under penne Eliminate 


bulging pockets, Protect credit cards and 
money. $8.00. FRIENDSHIP TRADING, 
3310 West Bell Road, Suite 208, Phoenix, 
AZ 85023. 


BUYING A NEW CAR? Know dealer 
cost. Send make and $3 to CarHelp, Box 
16174, Att. 117, Wichita, KS 67216-0174. 


AVIATION. 


BOOMERANGS  —  INCREDIBLE 
RETURNS! Unique sport, Exciting hobby. 
FREE 10th Anniversary Catalog. World's 
best! BoomerangMan, 1806-2 N.3rd., Mon- 
roe, LA 71201-4222 


BUILD THE WORLDS MOST INEX- 
PENSIVE TWO PLACE HELICOPTER. 
Information pack $10.00. Cobra Helicop- 
ters, Box 396, Danville, IN 46122. 


The Homebuilt 
JET HELICOPTER 


LOW-COST DESIGN — SIMPLIFIED ASSEMBLY] 


) construction MANUAL 
7 Fully atretes — 
олу $11.00" 


Helicopter Experimenter's| 
Models photos o сешум э sopliers 
Fay ina. Ony б, 
+вотн ABOVE BOOKS: ONLY 
NEWI 
An exciting 
Ait несш! 


ATS KITS—SAIL—16’-30' all trail- 

e molded fiberglass hulls and decks 

factory assembled—you install 

y supplied interior. Save half factory 

cost. No experience required. FREE 

catalog. LUGER, Dept. AC-17, PO. 
Son St, ‚5. Joseph, МО 64502. 

Boat Kit; MO: (616) 


PLANS - PATTERNS 
E Kms. 200 Designs-40th year- 
QS. Fiberglass - Steel - POWER- 

= Cruisers - Houseboats - Hydro- 
y < Runabouts - Duckboats (Canoe 
ks) - SAILBOATS - Daysailers - 
rsailers - Multihulls - SUPPLIES - 
ев - Polyesters - Cloth - Foam - CAT- 
AUE $3.00 (Airmail$5.00) (Book Ama- 
Boatbuilding $6.75) Clarkcraft 16-5 
lane, Tonawanda, NY 14150. 


INRUDE—OTHER BRANDS 1985 
MAINS... Al] Sizes...$2.00 Handling. 
McCulloch parts...Electra Marine, 
Merrick Road, Lynbrook, New York 


W COST BOATS: "YOU CAN 
D." FREE PLAN “Gloucester Gull” 
wg/Sailing Dory (with) Brochure/ 
s (99) Boat Plans:Fishing/Surfing/ 
»g/ Power Dories: Carolina & Oregon 
Skiffs:Prams/Skiffs & Schooners: V- 
m Work Boats - "Classic" Runabouts 
Cruisers only $3:00/85,00 Air Mail: 

НҮ BOAT Box 720, 
Texas 


PLANS, 
77553. (Franchise 


[OUTBOARD MOTOR IN MINUTES!! 
CONVERT GRASS TRIMMER 


ones о 5500 naman pci 


ifications Free. 
ego, CA 92119. 


ух 19409-AE, San 


MOTALOV ring valve job while drivin, 
aranteed $10.00 two $18.00 postpaid. 
ndris, Box 34081, Dept. 5, San Francisco, 
CA 94134. 


AUTOMOBILES 
BUILD A BIKECAR 


ANIMAL WARNING DEVICE — For cars, 
trucks, and motorcycles—Free informa- 
tion—Effective Safety Equipment—PO. 
Box 958, Estes Park, 517. (303) 223- 
8731 


VAPOR CARBURETOR! Doubles Gas 
Mileage, Easily Built Kit. Free Informa- 
tion. HBE, Box 263J, OwenSound Ontario, 


N4K 5P3 Canada. 


AUTO LOAN Monthly Payment Tables. 
Be an informed buyer. $3.00. Findata, Box 
11246, Spring, TX 77391-1246. 


Like Old Cars? 


Subscribe to Hemmings 
Motor News, world’s larg- 

est old car marketplace. 

Hemmings has over 600 

pages of ads each month, 

crammed with thou- 

sands of old cars and 

parts for sale. Only $17.95 for 12 giant issues. 
Subscribe to the "bible" of old car collectors 
today. Send to: 

Hemmings Motor News 
Dept. 7117, Box 100, Bennington, VT 05201 
ORDER TOLL FREE 
1-800-228-2028 (Ext 137) 
(Within Nebraska dial: 1-800-642-8300) 
VISA /MasterCard Only 


CORVAIR PARTS—Giant 400 page 
CORVAIR Catalog rushed $4.00. Clari 

CORWVAIR Parts, Inc., Rt 2, Shelburne, MA 
01370. (413) 625-9776 


ponere HELICOPTERS 


5 nisoe Ашыг 
Available fimm Г 


You Can Build for Under 2900 
Vertcal Takec and Landing 

Hover Fight No License re hone 
INFORMATION PACK $8.08, 


[S] sw noror co, We. E m 


THE MOST EXCITING SPACE 
T'SHIRTS OF THE DECADE 


SIX vianant 


BUILD YOUR OWN 
ROCKET MOTORSI 


* 40 POUNDS THRUST! 
* FIFTY CENTS EACH! 
^ BRILI A DOZEN IN 


um 


fs) më TEEPLTE CONPORATION 
itc Si., Sunnymend, Call. 92388. 


AUTHENTIC Nasa Emblems. Models, 
Books, Caps and Astronaut Foods. Chal- 
lenger Sts-51L Mission Emblem $4.00 + 
$0.50 P&H. Free Catalog. Space Enter- 
prises, Stop H, PO. Box 1976, Huntsville, 
AL 35807-0976. 


30 LEVITATION METHODS! AMAZING 
DATABASE CATALOG, $1: Rexco, Box 
1258, rcm CA 94701. 


AN AMAZI 
9,500 FE 

This nos gato be me non 

Tag 1685. In tr menus SCHAB Ti 


ILOT'S LICENSE, 
“yours”. Practical no-nonsense “254 
report" by Pilot, member EAA, АРА. 
Only $5, Lee Stangel, 331 Barney Št., Wau- 
kesha, 


AIRBOATS 15 to 250 Horsepower. Air- 
drives, Engines, Propellers, Plans. Hover- 
craft. Nationwide Delivery. Catalog $2.00. 
Sportscraft, Box 188R, Meeker, OK 74855. 


ASTRONAUTICS 


— PARANORMAL — 
ENERGY. Information Package $2.00. 
HEER, Box 5286, Springfield, VA 221: 


ANTIGRAVITY 


ELECTRONIC <i LEVITATION 
1981 


SAC. FOREIGN ADD $10. 
SAUCER TECHNOLOGY 


gs. AR 


FRONTIERS - Resource Journal 
of Space History, education, model- 
ing, scale plans. 6 issues/$15. Sase for back 
issues list, Space Frontiers, Box 6488, 
Newport News, VA 23606. 


AMAZING new discovery. Detect space 
ph eres, Informative booklet $4.00. 

search & Development, PO. Box 465, 
Parkersburgn WV 26102. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER* 


тах. ATV 


*if the territory still is open. 
Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


CAMERAS & PHOTO SUPPLIES 


FREE KODAK FILM? Details $2.00. 
T&M ‘Trading Company, Box 1086AL, 
Mount Pleasant, NC 28124. 
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“KITES 


FREE COLOR CATALOG 
[choose trom over 100 kites. 
Many unusual & innovative kinds. 
I Са! ог write for your catalog today! 
Li Into The Ane Dd; (30314495356 [| 
Boulder, CO 8030: 
- 


MOTORCYCLES, BICYCLES & 
SUPPLIES 


BICYCLE LIQUIDATE. All Type Bikes 
Below Wholesale Cost. Popular Brands. 
8527 Ronda Dr., Canton, MI 48187. Call 
(313) 459-0401. 


PLANS & BLUEPRINTS 


CAROLINA PIPE WIND CHIMES. 
Beautifully tuned.Easy instructions. 
inexpensive $300. Chimes, 105 South 

'harles, La Grange, NC 28551 


PLAN Canos, Pram, Dingy Nouveen 
designs, Patent Pending, Simple, economi- 
cal Construction. Brochure $1.00. Gunde- 
signs, Box 88, Belmar, NJ 07719. 


ALTERNATE ENERGY 


ENERGY MA- 
CHINE VIDEO - VHS or BETA - 
Send SASE for information. Hartwell 
Video Products, PO Box 10293, Jefferson, 
LA 70181-0293. 


LATHES - MILLING MACHINES 
MACHINE SHOP SUPPLIES – TOOLS 


HAND TOOLS, FASTENERS. Same Day 
Shipping! Lowest Prices! FREE Brochure. 
National Mart: 1-800-222-6969 - Florida: 
305-888-8866. 


PVC PIPE FURNITURE Plans, Kits, 

Material. For free details write: Mountain 

a Rt. 1, Box 361APS, Sautee, GA 
5 


MICRO BUGS 


5 and much Send $2.00 1 
MICROCOM for 


NOW....A QUICK AND EASY 
WAY FOR LAYING OUT STUDS 


BRANDSK! MARKER TOOL 
141 Richardson Street 
Brookiyn, Mew York 11211 


DO IT YOURSELF 


HYDROGEN AUTO FUEL FROM 
WATER. Amazing Free Report. Merit, Box 
5363, Louisville, KY 40205. 


SEIZED, Surplus Property Auctions. 
Your Locality. Write: Tropics, Palm Bay, FL 
32906-0095. 


LASER OR MASER PISTOL — COMPLETE 


tor Buna 


souno 
юл Aeronautical LN $ 
Res Ruby Crystal! 4 
P 
Hg Power CO? Lasar 
Calatog of super Scence Projects $1 00. 
JACK FORD SCIENCE PROJECTS 
PO Box 1009, Duluth, GA 30136 


FREE HYDROGEN FUEL and Ox, 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie гоне Box 

8291, Edmonton, Alberta, 
Canada. 


APPLIANCE — Illustrated 
How-To book shows easy volt/ohmmeter 
problem checks, washers, dryers, refriger- 
ators. Free details, DLRP, 713 Silvertone, 
Richardson, TX 75080D. 


GENERATE ELECTRICITY while walk- 
ing, for emergency flashlights, radios, ete 
Send $100 for product literature 

PO Box 942, Novi, MI 


48050. 


NEW low-cost high efficiency thermo- 
electric modules now available. Send for 
details. Phoenix Electronics, 1334 W. Arn- 
dale, Stow, OH 44224. (216) 686-1842. 


HOME CRAFTSMAN 


STEAM ENGINE KITS, Power models 
at savings to you! Send $1.00 for literature. 
PM. Research Inc., Dept. 5, Rd #2, Box 29, 
Welisville, NY 14895, 


MAKE WOODEN TOYS, whirligigs, 
classic autos, swing sets, doll houses, 
crafts, furniture with our plans, parts, kits, 

- plies. Color catalog subscription $1. 

(614) 484-4363, Cherry Tree Toys, 

OH 43718-0369. 


mont, 


PIPE FURNITURE. Plans, 
Kite Sup 5и e. Profitable Home Business. 
Casual, Box 208P, Tewksbury, MA 01876. 


TOOLS & MACHINERY 


M, 3736 South 7th Avenue, Phoenix, 
85041. 


4323 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


SYNCHRONIZE YOUR CHRISTMAS 
DISPLAY, make it more impressive. Write: 
Display, Box 2035, Inver Grove, MN 55075. 


ELECTROPLATING. Complete Text- 
book. Electroplate Metallics/Nonmetal- 
lics. $11.95. Details Free. Tropic, Palm Bay, 
FL 32906-0095. 


STOP NEIGHBOR'S LOUD STEREO, 
FAST! Simple instructions, inexpensive 
materials. Legal. $9. Details, $2. (refund- 
able). ВАН ЖҮЗ, 424 West Common- 
wealth, Fullerton, CA 92632. 


Misco R TON эшит 
COUNTERSURVEILLANCE, AND PER- 
SONAL PROTECTION. CATALOG $100. 
HUNTERA, BOX 12922, WINSTON- 
SALEM, NC 2717. 


MAKE ACRYLIC PICTURE FRAMES for 
Gift or Profit. Instruction Manual $7.95. J- 
Pratt, 7444 Saunderland Road, Worthing- 
ton, OH 43085. 


PVC PIPE FURNITURE KITS. For Free 
Details Write: Mountain Leisure, Rt. 1, 
Box 361A, Sautee, GA 30571. 


VOICE Disguisers! FM Bugs! SWL 
Active Antenna, Receivers! More! Send 
stamped envelope: XANDI, Box 25647, 
"Tempe, AZ 8528: 


BUILD your own VH.F. and UH.F. tele- 
vision antennas! New manual, $10.00. 
Channelquest, R.D. #3, Box 105, Hunting- 
don, РА 1665; 


TV... Convert your TV to 
proe 7 Foot picture... Results compara- 
le to $2,500 projectors... Total cost less 
than $30.00 lans and 8” Lens $21.95... 
Illustrated information FREE. Macroco- 
ma-ae, Washington Crossing, Pennsylva- 
nia 18977. Creditcard orders 24HRS. (215) 
736-3979. 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company 
M PSI, РО. 22559, Minneapolis, 

22. 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


NEW - COPPER BOND EPOXY. Assem- 
ble copper piping without solder Guaran- 
teed. 


rs, 135 Shaw Road, 
[dependence KY 4101 


PLANS: AMAZING 40-PAQE CAT- 
доа: $2: INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


Super Powerful FM TRANSMITTER 
Мат tres тол power! mun cer anten. 
Tunes up e mie e any FM саде -Easy e 


nization resins— 
tests—Storage 
Build your own 


cal 
Bulk charcoal. 


quality water eystem and save hundred 
ink pure sparkling water and stay heal- 
thy. Send 3.00 for plans, supply lists. Clear- 


water, Box 3092, 


Z AMAZING 


SCIENTIFIC and ELECTRONIC 


N DEVICES” 


PLANS — Ail Parts Available in Stock 


Inut Creek, CA 94598, 


* PTG1 PLASMA 

* GRA1__GRAVITY GENERATOR. 

* MAGNETIC AMAT edu 
KITS — includes 

. LACA SMITOR REDONNEL LIGHT 


* BTC3K 250,000 VOLT TESLA COIL... 
* IOGTK ION RAY GUN. 
* PSP3K PHASOR SHOCK WAVE PISTOL ..49.50 


* INFIK INFINITY TRANSMITTER. 134.50 
H METIK 2.3 MILE RANGE FM FM VOICE 
PC BOARD ‚49.50 


ASSEMBLED AND TESTED PRODUCTS 
* LGU30 RED 1MW PORTABLE НЕМЕ 


H : ae. SOLID STATE TESLA СОГ 
1PG50 POCKET PAIN FIELD GENERATOR E 3 
+ BLSTO BLASTER DEFENSE WEAPON 


* PPF10 PHASOR PAIN FIELD PORTABLE 249.50 
* SNP20 SECURITY PHONE LISTENER .....99.50 
* CATALOG CONTAINING DESCRIPTIONS OF 
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR 


vi 
[E OR INCLUDED FREE WITH ALL ABOVE 


пиен Q0 PH ON ALL KITSANOPRO- 
PLANS ARE POSTAGE PAID. SEND CHECK, 
WO. VSA. МЕТ. 
INFORMATION UNUIMITED et 
Р.о. BOXTI AMHERST, NI 


PICKS UP A WHISPER 50 FEET A 
The model WAT-50 miniature FM trans 
uses a 4-stage circuit NOT to be confuse. 
a simple wireless microphone. Simply sne 
unit on top of a 9V battery and you can 
‘every sound in an entire house up to 1 
away! Use with any FM radio. Tunes t 
frequency кот 70mhz—130mhz. Easy 


Сай ог send MO, VISA, MC for immediat 
livery. Include $1.50 S&H. FREE SHIP 
оп orders of 2 ог тоге, All orders ship 
U.S. Mail. COD add $4.00. Personal с 
allow 21 days. 

DECO INDUSTRIES 


BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 tc 
ors, sheets to catalogues. Со] 
100PS Berriman St., ошу. NY 1 


SPECIAL SERVICES 


INFORMATION On Anything. Fer 
Research Specialists. 60-15 Woodsid 
nue, Woodside, NY 11377. 


REAL ESTATE 


CANADIAN COUNTRY 
Acreages for recreation, develop 
farming, fishing, hunting, invest 
minerals, etc. OUR 72ND YEAR. ' 

available. Titles guaranteed. Catald 
mailed $1.00. DIGNAM Corporation, 
481,85 Bloor Street Bast, Toronto, C 


CALIFORNIA. Acreage. Lots. $40 
40 monthly. 4602 Ethel, Sherman 
CA 91423. 


20 Acres (or more) starting at $6: 
with $500. down. Low Monthly 
ments. Near Beautiful Yellows! 
Park and National Forests. In 
heart of trophy elk, deer, 
antelope and turkey hunting. 
ribbon trout streams. Guarant 
Access. INSURED TITLE A 
WARRANTY DEED. Your Inspe 
Welcomed. Free Color Brochi 
Video Tapes Available. 


Call Today TOLL FREE: 1-800-252-; 

Yellowstone Basin Properties. 
1119 N. 7th Ave., Dept. PS, PO. Box 

Bozeman, MT 59772-3027 ө (406) 587- 


FREEDOM | COUNTR 


210 Milwaukee Street, 
Lodger Montana 59722- 


MONTANA-NORTHERN IDAHO 
5-40 acres of beautiful productive land in the 
the Northwest's unpolluted wilderness. Some 
border over a milion acres of national forest 
ber, mountains, meadows, lakes and streams 
phy hunting and fishing. Choose from rural coni 
to mountain top isolation. АЙ with good гоа} 
season living at it's unequalled best. Timber à 
eral rights, warranty deed, insured title, eas 
terms. Free brochures, maps and photos: 
available 


TIMBERLAND WEST 
Р.О. BOX 1088, DEPT. PS 
COER D'ALENE, IDAHO 838 
(208) 664-3870 


From $1. д 
Tax Property and Foreclosure Lis 
Information. Call Refundable 1-3: 
0123 X-H-504. 


118 | POPULAR SCIENCE 


ITHERN IDAHO. 5-10-20 ACRES. 
meadows, creeks, springs, wildlife. 
west lake country Hundreds of 
parcels. Homesites, miniranching, 
tion, retirement. Easy terms. FREE 
re, maps, dy National Associ- 
roperties, PC, 1111 Sherman, 
alone: 1D 43614 (208) 684-8161. 


'ERNMENT HOMES from $1.00 (U 
) Delinquent tax property. Reposses- 
Call 805-687. 6000 xt. "GH. 50025) 


rent repo list. 
'OREIGN NEWSPAPERS 


WORLDWIDE ENGLISH MAGA- 
т Зарин. $2.49. FREE BRO- 
E. Multinewspapers, Box DE-31, 
Point, CA 92629. 


SINESS OPPORTUNITIES 


Y Discovery in Battery recondition- 
ighteen months guarantee! Means 
ofits Fast! Electoan, 7415 Gable Dr. 
Rock, AR 72205. 


ICRETE Block Machine 
Route One, Box 3740, 
Dakota 57702-3740. 


о, ROUND, From "Junked" Tires. 
Appr reciated). LaVallees, Foun- 
L3: 138. 


; Catalog 
pid City, 


xport opportunity, profitable 
ide, mail order business from 
without capital. We ship plan for no 
xam ation. Experience unneces- 

ree Report, Mellinger, Dept. A2693, 
Hills, California 91367. 


(ROW $300-$30,000 Worry Free! 
SOR A Free Details! Write: 
can, 1601 in, Plainfield, IN 46168. 


SELL HOW-TO BOOKS BY MAIL 
UP To 2000% PROFITS 
START NOW! 


We crop stoped at very low оке 
repona. Beautful Mustrated 


Complete delais and catalogs. Send $100 for 
Postage (тейит 
LONG визит, Dept p27 
Box 1485. Garden A 9: 


Vates 
Nein Ц 


=o” Monroe, LA 71211 


000 weekly mailorder. Immediate 
opportunity Noobligation. Enterprise, 210 
lelch-PS, Ames, IA 50010. 


SCREEN Print T-Shirts. Inex 
kits. Free Details. "T-Printer" РО! 
(LLC), Tampa, FL 33623. 


nsive 
23991 


MAKE BIG MONEY WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
yearly! Call TOLL-FREE for Valuable 

report. 800-322597. Glas- 
Weld Systems, Box 5755-Cl, Bend, OR 
97708. 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT PESTS! 
Details FREEN Moneywise-S, Box 26744, 
Tamarac, FL 33320. 


GET RICH using OTHER PEOPLE’ 


APER Sticker Printer. Cheap, Sim- | МОМЕҮН Unique—amazing business! 
rtable. Free details Bumper, РОВ | Details FREE! Finance-S, Box 4605, Mar- 
LLC), Tampa, FL 33622. gate, FL 33063. 


RN MIRROR RESILVERING, Free 
ation. Silvercraft, Box 127, Lans- 
19050. 


GET RICH !! Secret law smashes debts— 
brings cash credit! Details FREEN Wealth- 


MINUM SCRAP-Rec; 
$25.00/POUND! Free Infor: 

Pug T Box 127, Alexandria 
13607. 


le Yourself- 


HYDRAULIC — Етее 
, raulic Parts supply yD Dept. S, 
57, Brownsville, TX 78520. 


Kit-S, Box 4036, Pompano, FL 33063. 
LEARN Piano Tuning. Big Profits! 
Empire School, Box 1014PS, Jupiter, FL 


33468-101. 


LEARN Sewing Machine iring. 
Min Women Lares Profits, Diesel 
Correspondence School, Box 5104, Spencer, 
ТА 51301-0804. 


YCLE METALS. NO, NOT BEER 
| Easy $458 weekly! Free informa- 
an y's, Box 1214, Franklin, TN 
1214, 


MAKE PVC Furniture. Turn your spare 
hours into 351200. eer Easy home 
s business. Write: PVC, 771PS, 
Battle Ground, WA 98604. 


Е PROFITS! Reconditioning used 
tteries. Secrets others dont tell. 
please, Battery Outlet, Box 3300, 
y, NC 28603. 


(E HOMEMADE "УЕ 
ED $187,000 WITH MINE. MONEY 

t STOPS! Free information: Dasher, 
x 1039, Gatlinburg, TN 37738. 


HANICALLY inclined individuals 
g High Weekly Profits operating 
кепства business Without 
nent write: Businesses, 92-P Brigh- 
h, Brooklyn, NY 11235. 


LOO FROM Square Foot vod 
Demand), Revealin; 50е 
dable), Woodwins, iab: MA 


AMAZING Profits! Sell wholesale/retail 
mail-order. Any quantity: Jewelry, Gift- 
ware, Toys, More. $500 (refundable) bring 
Giant Catalog/Confidential price list. 
Cloud, 231-328 Merrick Blvd., Laurelton, 
NY 11413. 


INCREDIBLE Income! Sell information 
by mail. Details: MCPI-SI, 231-32 Merrick 
Blvd., Laurelton, NY 11413. 


тоо MONTHLY Taking Photo- 
‘aphs at Home! Call recorded message: 
Bo ) 674-8155. 


$40 - $108/hour. Restore Damaged 
Countertops REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
Box 19636-5, Portland, OR 97219. 


ООО ON1/3 ACRE! New hydro) 
expensive, pleasant, practical! Free 
ation. Planters, Box 1214, Franklin, 
065-1214. 


RE time fortune in Vinyl Repair. 
lemand creates exceptional profits. 
уру everything. Details free. VIP 
lontrose, Chicago 60618. 


D Stamping Machines. Inex] 
duality. Large imprint Area. Free 
ln Ves В 24986 (LLC), 
FL 33623. 


E Rubber Stamps. Highly Profita- 
siness. Free Details. Stamper, РОВ 
(LLC), Tampa FL 33622. 


E Catalog Orders. We drop-ship 
est selling specialty products, Low. 
low wholesale prices. Immediate 
Spectacular home business oppor- 

е Book. SMC, 9401 De Soto Ave., 
8-73, Chatsworth, CA 91311-4991. 


‘SCWL Subliminal Tapes Wholesale: For 
Free Information Write: Life Enhance- 
ment, 811 Moulin, Madison Hts. MI 48071. 


HIGH PROFITS HOME BUSINESS. 
Free Details. Nettco. 670-PS James, Wal- 
ton, KY 41094. 


$100,000 YEARLY ! ! ! Assemble 
“PROFESSIONAL” GIANT SCREEN 
PROJECTION TVs with lenses and 
Screens Pera by SONY, ZENITH, SYL- 
MANIA, and MAGNAVOXI...Simple con- 
Struction!... Illustrated information and 
complete parts catalog $2.00... Money back 
iarantee!...POLI-VISION, 187-PS 
;ypress Street, Throop, PA 18512. 


MAKE $15.00 in 5 minutes. $180 Hour. 
Send $16.00 to: ENTERPRIZER, P.O. Box 
338, Round Mountain, CA 96084-0338. 


A FINANCIAL SUCCESS SHOWS YOU 
HOW! Free Details. Sase. Success, 4935 
NW, Kahneeta Dr., Portland, OR 97229. 


BUSINESS Loans: Start-up and Ven- 
ture Capital our specialty. No Collateral, 
Co-signers, Interviews, Write: Associates, 
Box 98-P2, Brooklyn, NY 11235. 


ВЕ your own boss! Automobile profits! 
Report reveals secret products to sel]! Infor- 
mation on wholesale suppliers. Order 
‘Today! $3.00. Choices, Box 739-PS, Tom- 
ball, TX 77375. 


101 EASY BUSINESSES you can start 
now even if you are just about flat broke! 
Free Details! Heritage Company, PO. Box 
468, Selmer, TN 38375. 


INCOME OPPORTUNITY! Multilevel 
book club. Unique program. No selling. No 
Details free. Jefferys, Box 
Francisco, CA 94164-062 


HOW TO become a collection agent! Free 
details! Write: Collections Unlimited, P.O. 
Box 9697, Panama City, FL 32407. 


100% PROFIT-Sell my games UPSIDE 
DOWNS and DECISION. Samples $5.00 
each + $2.00 handling. Box 5, Mt Summit, 
IN 47361. 


HYPNOTIZE Women! Gentlemen! 
Neighbors! Even Perfect Strangers! Profes- 
sional Secrets Revealed! Instantaneous 
Methods! Clairvoyant Hypnotizing! Som- 
nambulism! Dynamic Salesmanshi 
cover Strange Magnetic Ini 
Amazing Personality Improvement Hyp- 
notize Yourself! Powerful Methods! Fre 
Cassette Catalog! Addison ор; Box 
1085, Black Mountain, NC 28711. 


DOGS 


SUPERSUCCESSFUL MONEYMAK- 
ING PLANS! Free Details. Cunningham, 
Вох 1345-P1, Buffalo, NY 14205. 


MAILORDER Opportunity: Start prof- 
itable home business without experience 
or capital. Write for free book, plus details. 
Mail Order Associates, Inc., Dept. 667, 
Montvale, NJ 07645. 


FREE! VALUABLE TREASURY OF 
HOME BUSINESS OPPORTUNITIES. 
WEALTHCO, BOX 723-РЭ, RAN- 
DOLPH, MA 02368. 


А science engineering breakthrough! A set of unique 
dog-sound makers that condition dogs incredi 
fast. Small. Used from the palm of the hand. 
hypnotic control, even at a distance, No 


E 


simply don’t fight. Tunes dogs in, makes them wi 
to please you. Unequaled loyally-bonding. Same 
instruments and system (the Dr. Miller patents) 
dispensed by veterinarians for dog behavior, Now, 
thousands of satisfied users in U.S. & foreign lands, 


FREE DN Mailing Lists! 
Complete j 


Program | Box 
Valley NY 11582. 


HOW To make a fortune with classified 
ads $2.00. T. Takacs, Rt. 523, Box 466-A, 
Whitehoi 08889. 


WEALTH DISCOVERY. Brand-New 
With Exhaustively Documented Proof. 
Free aoe Raven, Box 816, Ash- 
land, KS 67831 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
ld, РОВ 24986 (LLC), Tampa, 


MAKE-SELL ACRYLIC KEYTAGS with 
Beautiful Art Designs. Bright, Colorful, 
Professional Quality. Highly ‘Profitable 
Business. Free Brochure. Peacock Inc., 
3766 W. Devon, PSI, 
60659. 


Lincolnwood, IL. 


bling Proj ie а Results {+ чыра 
ble to $2,500 projectors,. Total cost less 
than $30.00.. Ө” LENS & Dealers 
Information $20.50.. Illustrated informa- 
tion FREE.. Macrocoma-aex, Washington 
Crossing, Pennsylvania 18977. Creditcard 
orders 24HRS. (215) 2880. 


FREE INFORMATION! Start And Oper- 
ate Your Own Profitable Business At 
Home. Foshe, P. О. Box 764252, Dallas, TX 
75376-4252. 


MONTHLY possible. Unique, 
Easy plan! No Investment. McDowell #PB- 
01, 3660 Wilshire, Los Angeles, CA 90010. 


IL 60602. 


LEARN NEON. Expanding, vital indus- 

SELF-TAUGHT. Complete Course, $35 

(US) Details, career info, 81. Write, NEON 

COURSE, 4319A First St. S.E, Calgary, 
Ab., T2G3L2. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/II 
TIONS: Funnymans—PS7l, 
Alexandria Bay, NY 13607. 


14,2947 НОМС KONG. Taiwan 
PRODUCTS CHEAP Small lots. Some 
samples free. Harbor, Box 1719-PS-1, Yuba 
City, CA 95992. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92705. 


Box 250, 


ENTREPRENEUR Wealth System not 
for amateurs. Send $2.00. MacLeod, 6 Bow- 
doin, Danvers, MA 01923. 


FREE Hypnotism, Self Hypnosis, Sleep 
Learning Catalog! Drawer Rui. 
doso, NM 88345. 


From $25 to $175 FREE catalog 


DOR Neos Apostate cr M 


ог Call (800) 824.7888 - for operator 658 
A Orten of литота Resear Lata СЯ 


SALESPERSON - DISTRIBUTORS 
WANTED 


THERE IS MONEY 
TO BE MADE SELLING 
єт KNAPP SHOES 


< 
Start earning extra cash instantly . . . pus 
receive a 30% discount on a pair of cushion comfort Knapp. 
shoes fr youse rom the largest direct seiling shoe 
company in tne entre country. Over 20,000 sales poopie 
‘ke oursl are making money ever day sling rom our 
{ul color catalog featuring over 250 atractive styles юг 
men and women including dress, casual, work, safety and 
‘outdoors Knapp wil send you a complate FREE 
‘SELLING KIT, including everything you need to get 
started earning extra money immediately There is no пак 
when yousel Knapp shoes, We support our sales poopie 
Wih troe training andbackour shoes with an uncondional 
money back guarantee. No cost! No Obigation! 
Send coupon today!! 
Thomas MeCatrey, KNAPP SHOES, One Knapp Centre 
870, Brockton. MA 02401 
Name 


Address. 


City State — Zip-—— 
KNAPP 5:5: 


MISCELLANEOUS 


BARTER? Start your own club. Manual 
$6.00. Barter, Box 1086AL, Mount Pleas- 
ant, NC 28124. 


NUCLEAR WAR? Disturbing report out- 
lines battle plan for decisive Soviet victory. 
Learn how, why, and when. Send $5.00 to: 
Minuteman, PO Box 6399, Lubbock, TX 
79493. 


DINOSAUR HUNTING LICENSE 
Novelty. Suitable for framing. $5 ea. Send 
to: Iverson, #505, 177 Telegraph Road, Bel- 
lingham, WA 98221. 


SATELLITE TV 


QUALITY Products Low Prices - Free 
Brochure and 800 number. SSE, POB 3833, 
Ocala, FL 32678. 


KU Band System, Low Cost- Small Dish 
Super Quality Pictures - Complete Plans 
w/pixs $5.00. Satellite Science, PO. Box 
126, Volcano, CA 95689 (Ca. 6% ST) 
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BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


EDUCATION & INSTRUCTION 


FREE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 
Box 744-PS, McKeesport, PA 15134. 


1987 CATALOG, 200 . Chemistry, 
Biology, Physical & Earth Science, „Nature, 
Dinosaurs and much more. Beginner to 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


WHOLESALE PARTS for lawn equip- 
ment, Minibikes. Karts, Chainsaws, Small 

ngines. Quality products; Send $3.00 for 
fal tine catalog. GRP Parts, PO. Box 
45245, Dept. S, Somerville, MA 0: 


400,000 BARGAINS Below Whole- 
Many Free! Liquidations.. 
Closeouts! .. . Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters 
Box 1409-B, Holland, MI 49422. 


FAN Shaped Pendant matching Pierced 
earrings. 16° gold chain. Ruby, Sapphire, 
Amenthys. $9.95. Lawler, 76 Wesley Ave., 
Atlantic Highlands, NJ 07716. 


LEARN WHILE ASLEEP! Astonishing 
New Method! Strange Catalog Free! Auto- 
suggestion, Box 24-À, Olympia, WA 98507. 


HUMANS can detect magnetic field. 
Instructions $5.00. Research and Develo 
ment, PO. Box 465, Parkersburg, WV 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. Superlearning, 450-PS1 Seventh 
Avenue, N.Y.C. 10123. 


зім HONG KONG, TAIWAN 
directories. Listing 11,000 suppliers, 
roducts. Buy Direct. Information 
erriek Distributing, Bex 274P, 
Merrick, NY 1156 


WINEMAKING 


WINI BEERMAKERS Free 
Catalog. Fast Service. Large Selection. 
Kraus, Box 7850-N Independence, MO 
64053. 


WINEMAKERS - Beermakers Free Cat- 
alog, Low Prices, Free Recipes. Cellar-S, 
Box 33525, Seattle, WA 98133. 


WINEMAKERS—BEERMAKERS Fr: 
Illustrated catalog, Continental, Box 188. 
PS, Casselberry, 07. 


WINEMAKERS - BEERMAKERS - 
SODAMAKERS Free catalog. Joe and 
Soni PO. Box 11276, Cincinnati, OH 
1. 


WINEMAKER—Beermakers: Free 
Illustrated catalog of supplies. Semplex, 
PO, 12276H, Minneapolis, MN 58412- 


FREE Catalog. Discount Prices, Finest 
equipment, Ingredients. One-Day Service. 
Fully guaranteed, SPI, (019) 929-4277, Box 
784-8, Chapel Hill, NC 27514. 


WINEMAKERS/BEERMAKERS Infor- 
mative Catalog. Lowabs, 731 Warrington 
Rd., Pensacola, FL 32506. 


WINEMAKING —BEERMAKING. Fin- 
est Supplies, Fast Service, Lowest Prices. 
Free Catalog. Vineyard & Brew, Box 401-P. 
Sault Ste Marie, MI 49783. 


HOME BREWING. 


BEERMAKERS ONLY! Free Catalog/ 
Newsletter. Williams, Box 461-PX, Oak- 
land, CA 94604. 


CARTOONING, SIGN PAINTING 
LEARN Sign Painting - Instructions and 


Supplies Catalog, $1.00. Kaufmann Inc. 
Centertown, MO 


JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Tricks, Sci- 
ence, Hobbies, Sports, Johnson-Smith, F- 


03, ton, FL 34203-3796. 
HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
irum $6.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


LEATHERCRAFT CATALOG. 100 pages. 
Largest selection available of genuine 
leathers, tools, kits, books, supplies, 
Upholstery utility leathers, garment 
leathers, suedes, exotics. Belt, wallet, moc- 
casin kits and more. Send $1.00 dor: hdlg 
to: Tandy Leather Company. РО, lox 2934, 
Dept PS187C, Fort Wort! 


CLOCK wood clock blanks, 
epoxy coatings, belt buckles for coins, 
siones, rockhound supplies. Wholesale 
Catalog 25е. Eloxite, 806 V Tenth, Wheat- 
land, WY 82201 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fberglassing, i is 1 industry, Е 
tories, craft work. roduce your designs 
p иска кана Catalog $2.00. 
Castolite, Dept. 87A/PS, Box 391, Wood- 
stock, IL 60098. 


UNIVERSITY Degrees! Economical 
home study for Bachelor's, Masters, Doc- 
torate. Prestigious faculty counsels for 
independent study and life experience 
credits. Free information - Richard Crews, 
M.D. (Harvard), President, Columbia 
Pacific University, 1415 Third St., Dept. 
2R51, San Rafael, CA 94901; Toll Free: 800/ 
227-0119; California: 800/552-5522; or 
415/459-1650. 


ELECTRONICS B.S. De; Corre- 
spondence instruction. Accredited, NHSC. 
ree catalog. Grantham, 10570 Humbolt, 
Los Alamitos, California 907: 


WORLD WIDE COLLEGE OF 

AUCTIONEERING, INC. The original—50 
yrs.— World's largest! Term soon. Approved 
for VA. FREE Catalog. 515-423-5242. COL. 
GORDON E. TAYLOR, P.O. Box 949, Dept. 
3, Mason Cit lowa 50401. 


HIGH SCHOOL Diploma at home. No 
classes. Low cost. Information FREE. Call 
toll free 1-800-228-5600 or write: American 
School Dept. 347, 850 E. 58th St., Chicago, 
IL 60637 


SUPER-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


UNIVERSITY DEGREES ACCRED- 
ITED, by mail. Bachelor, Master's, Ph.D. 
Details. College Programs, 256 South Rob- 
ertson. Suite 3024, Beverly Hills, CA 
90211. 213-652-6452. Dept. #25. 


DEGREE PROGRAMS 

IN Management, Economics, Philosophy, 
Business Studies, Credits and Experience 
accepted. Prospectus (airmailed $2.00) 
Registrar. Sussex TECH- 
NOLOGY, HIGHFIELD DANEHILL, SUS- 
SEX, ENGLAND Rh 17 7EX. Founded 1969 
students worldwide. 


OWN LEGAL AFFAIRS. 
Accredited Attorney 


HANDLE YOUR 
Be a Paralegal, 
Instruction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 17PS, 
2158, Boca Raton, FL 33427. (305) 368- 
2522. 


Free book. Lock- 


LEARN rs In your spare 
time. No previous experience necessary. 
Learn computer spplications, operation, 
and programming through this one course, 
andon any personal computer: Write toda 
HALIX INSTITUTE, Dept- 46-1, 1543 
Olympic Blvd., #226, Los Angeles, CA 
90015-3894. 


‘America's Accredited Home Study Training 


SCIENCE & CHEMISTRY 


‘SCIENTIFIC CATALOG R.J.M. 
Laboratories, Inc. presents its latest cata- 
log containing scientific laboratory equip- 
ment and supplies, including a complete 
line of specialty laboratory glassware. 
Write today for your FREE catalog: R.J.M. 
Laboratories, (I) PO. Box 899, Santee, CA 
92071. 


CHARTS, 
‘SKELETONS, $1.00 Catalog. 
7124 North Clark, Chicago, IL 60626. 


dria, VA 22304. 


NATIONAL SCIENTIFIC PRODUCTS. 
Distributore of “scientific supplies to 
research laboratories is now offering its 
BE eee уш шит vublic. 
1987 catalogue. Wide variety for student or 

Biology, Chemistry, Physics, and 
more. $4.00 National Sdent Products 
Inc., 216 Mountain Road, Seymour, 
06483. 


ah 


LABORATORY CHEMICAL 
AND GLASSWARE 
Full Laboratory equipment and sup- 
plies. Send for free catalog. DFW Chemi- 
fal, 2125 S. Great Southwest Pkway, Suite 
101, Grand Prairie, TX 75051. (214) 988- 
6666 


T1 


TAXIDERMY 
EXOTIC Butterflies, Beetles, World- 
wide. 64 Page Catalog $2.00. Scientific, 
PO. Box 307, Round Lake, IL 60073. 


TOYS & GAMES 


PATCHES DECALS & BADGES 
Lowest Emblem Prices! 

Free Catalog/Quotes. Stadri, 

ГҮ 10014. (212) 929-2293. 

COMPUTERS 

kemiaa Software Hardware bar- 


fat, Service, Free Catalog. Enterprises, 
Box 690, Hicksville, NY 11801. 


SOFTWARE, Du m 
АТА! 


Pins. Decal 
61R Jane, 


table, 


wApgles/Con- 
99-4A. Ezrae- 
go 92105. 


MAKE $1000's MONTHLY with your 

personal computer. Complete details $9.00. 

&K Enterprises, PO. Box 904, La 
Grande, OR 97850. 


64/28, Apple Programs C ! Sase 
to: Shack, Box 133PS, Fresno 931-0133. 


Envelopes. Continuous 

- Fed for home or business. Non-print- 

fred Эйе white bond AA Sus oA 

(1% x 1-4. = quanity. 250, $16.00 + 

$2.95 p+h send check or moneyorder to: 

Computerize Envelope Со. PO. Box 293, 
Deptford, NJ 08096. 


DISCOUNT sorum for most com- 


modores/Adam/TRS80s/ 
zra, Box 5222SJA, San 


ters. Free 24 Sale: 5.25" 
SDD Dick 25 mr 313 95р. WMJ Data 
Systems-PS, 4 Butterfly Dr., Hauppauge, 


NY 11788. 
OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
‘Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 557, Chi- 
cago, 60603. 


ES. Deal hus ol 


1934. Gold, 
Platinum: Diamonds, Highest Caan, 
information. Rose Industries, 29-Y 
Madison, Chicago 60602. 


WATCHES, CLOCKS— 
SALE & SERVICE 


UNBELIEVABLE! WHOLES 
PRICES! Swiss movement watches. 
ho $1.00. PFI, PO. Box 1469, Orem 


JEWELRY 


CLOSEOUT Jewelry. 55е dozen (Са! 
.25¢). Roussels, 107-1635 Dow, Arlin: 
MA 02174-7199. 


ELECTRONICS, STEREO НІ 


WE ARE AMAZING 
Amazing offers on HIFI, VIDEO, and CAR STE 
Choose from: YAMAHA, SONY, ALPINE, KENWC 
INFINITY, JBL, MERIDIAN, CARVER, NAKAM 
CANTON, MISSION, PS AUDIO, APOGEE, HAF 
STAX, much more. We have no competitors. И 
serious or curious, you cannot afford to wait. 
look at the future of electronics retailing, CAI 
WRITE, TODAY. 


AMAZING INT'L SIGHT & SOUND, INC. 
Dept 26, 1323 South 4th Street, Philadelphia, Pa. 
(215) 969-1166. 


RARE Records, All Kinds, Free Li 
tes, 1815 Gardiner Lane, G-59, Louis 
KY 40205. 


BUYING STEREO? Get your mo 
worth! Booklet shows how to buy r 
Send $5.95 to: Sunshine Publicat 
Ze SR 580; Suite 228, Clearwate 

5. 


RADIO/TV 
POLICE Scanners, Regency, Bea 
Tnm HPR, Box 19224, Denver, 


Equipment. Low price 
ship CO "D. Send $3.00 for tag C 
nlimited, PO. Box 2 у 
mouth, МА 02190817) 843-8191" 


CABLE TV CONVERTERS 
BRANDS. B&B INC., 10517 UPTON 
CLE, BLOOMINGTON, MN 5 
+-800-826-7623. 


VIDEO 
MULTI-CHANNEL MICROW/ 
er RECEIVERS 

1927 бно 20° Dish ад, db 

А Цемент 


аа 
EB == 
Zt 

А vs 
"e 

‘$2 Credit on phone orders 


BOOKS & MAGAZINES 


FAMILY Bibles - Beautiful Bible St 
Taped Bible Cassettes. Details $2.00. 
ges, Box 5460, € FL 33083. 


INDEXES POPULAR 
available, full set of 13 for $13 р 
paid. For 1984 only, send 51.75 


‘SCIENCE 
Latham: NY LM 
PROFITABLE OCCUPATIO} 


IDEXES, Box 


ILIC JACK 
$5.00. H; 
irownsville, 


REPAIR 
and catal. Iraulic Parts Sj 
Box 4157, TX 78523-41. 


REPAIR lawnmowers thousands of 
and tools wholesale list 40е. Ellwal 
PS., PO. Box V, Port Jervis, NY 127 


FREE. Brochures. Repair air cond 
ing. Refrigeration, Tools, supplies 
instructions. Dooleo, Inc. 1 
night, Dallas, TX 75229. 


REMAILING SERVICES 
CONFIDENTIAL Mail Receivin, 


warding. Mail Drop, Box 1 
Orlando, FL 32860. 
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FORMULAS, PLANS 


HENLEY’S 
| 20th Century Book of 
10,000 Recipes, For- 
mulas & Processes 
(Latest Edition) 


ite ney savings 
IO REED ATE me den 
У pages hard cover-cioth binding. Only 
ово plus $1.95" pos 

Dealer's Inquiries Invi 
EMBASSY SALES Dept. PS 81 
Box 67, East Elmhurst, NY. 11369 


IOUSANDS —MANU- 
URING таска! МОМЕҮ 
ооа с 


(REFUND- 
GWA6, Box 193, Brookfield, WI 


SINGLE INGREDIENT FORMULAS. 
(REFUNDABLE): Greg's Books, Box 
Jax., FL 32209 


MAILING LISTS 


Mailing List Consultation. De- 
GOC-34U, Box 1107, Stuart, FL 
. (305) 334-5205. 1-800-554-5478. 


H Opportunity Seekers. OVER- 
SHIPMENT! Adhesive Labels. 500/ 
Others. 


lasterCard, AmEx 1-800-992-3866. 


HOT, RESPON: 

Of Mailorder BUYERS. Most Cate- 
Computerized In ZIP CODE 
. Peel and Stick Labels, GUAR- 
DELIVERABLE! For Brochure 
SASE To THE MAIL LISTS 
Dept. PS, 320 М. Plymouth 
Los Angeles, CA 90004 


Information on vea lists. 
ise to: D. Weeks, Box 3492, Sedona, 
0. 


ES! 
STATES Available! IMMEDI- 
Adhesive Labels— 
Opportunity Seekers 500/ 

. Drawer B6, 
у, ID 83274. Visa/MC/AmEx. 1-800- 


list —many categories. Credit card 
1-800-843-0755/(515) 232-6789. 
x 1033, Ames, 1А 50010. 


GOV'T SURPLUS 


t True You Can Buy Jeeps for $44 
h the U.S. government? Get the facts 
Call 1-312-742-1142 Ext. 4606. 


ED IN NARCO! RAIDS! 
Vans..Boats..Airplanes! — Millions 
s Bargains-many 1% original cost 
nwide Sales Directory” —$3.00. Dis- 

Box 1907. M. Washington, DO 


PERSONAL 


NEXT JOB INTERVIEW! 
Information: Sase to: Success, Box 
immerville, SC 29483-0610. 


'LOYMENT INFORMATION 


„ Cruiseships, Tugs, Ships, River- 
ilrigs: Women-Men, Work month- 
month. USA + Overseas. Informa- 
.00 Marine Employment, Box 223, 
|, IN 47110. 


IMENT JOBS $16,040 - 
/yr. Now Hiring. Call 805-687- 
ixt. R-20025 for current federal list. 


MONEYMAKING 
OPPORTUNITIES 
$300-$30,000 Worry Free! 


indefinitely! Free Details! Write: 
an, 1601 Main, Plainfield, IN 46168. 


Ю Stamping Machines, Tnex 
p rge imprint Area. m 
В 24986 (LLD), 


Systems, 
HÀ 53623. 


WEEKLY Clipping newspaper 
articles. Free information. MCPI-NC, 231- 
32 Merrick Blvd., Laurelton, NY 11413. 


$1000 WEEKLY Home Business Direc- 
tory. Details. Box 2019-PS, New York, NY 
10163. 


GET RICH! Secret law smashes debts— 
brings cash credit! FREE report!! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


DETECTIVES 
PRIVATE INVESTIGATOR Home-study 
Training Program. Free Information. 
Global, Box 19108, Hanover, МА 02339. 
BOOKS, AND WEAP- 


FOR INVENTORS 


“$1,000's WEEKLY"! Mailing Letter$! 
FANTASTIC OPPORTUNITY! Start imm 
diately! EXCITING FREE DETAILSI Write: 

SUCCESS, #605-PS, Dresher, PA 19025. 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulac, Richmond, VA 
23229. 


HIGH Profits T-Shirts and Caps. Inex- 

pensive, professional transfer machines, 

supplies. Press Magic, PO. Box 22809- 
LED, Tampa, FL 33623. 


EARN $5,000 ANY WEEKEND! Amaz- 
ing new system makes it easy. No money 
needed. Skeptical? FREE PROOR Write: 
Crossroads, Box 5097-K4 Babylon, NY 
п 


У EASY! Get rich. 1000's now 
simple! Fast! Foolproof! Free details. Asso- 
ciate, 18677 W. Dixie Hwy., N. Miami Bch, 
FL 33180. 


WIN LOTTO For Sure! Guarantee. Send 
$9.75. Thinker, Box 36845P, Cleveland, 
OH 44136. 


MAIL ORDER DEALERS WANTED # 
sase please, Keytags, Box 326, Kenner, L. А 
70063. 


EARN MONEY WHILE YOU READII 
RECEIVE MAXIMUM PROFIT FOR MINI- 
MUM EFFORT. DETAILS $3.00. (POST- 


HOMEMADE MONEY 100% of profitable 
plans. FREE Information. Silver Eagle, 
1147 E. Broadway, Suite 42PS1, Glendale, 
CA 9120 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
wals refused elsewhere. Many plans 
included. Try us! Associates, Box 98-P3 
Brook! NY 11235. 


BORROW $300-$30,000 Worry Free! 
Keep Indefinitely! Free Details! Write: 
American, 1601 Main, Plainfield, IN 46168. 


BORROW $40,000 “overnight.” Any 
urpose! Free Report. Success Research, 
ох 19739-FM, Indianapolis, IN 46219. 


BORROW $100—$100,000! Instant 
Reply! Rush stamped enveloj larigold, 
Box 2030, (PS), Richardson, TX 750! 


BORROW $500-$40,000! “Overnight 
On Signature. Keep indefinitely! Write: 
Action PL-12, 3660 Wilshire, Los Angeles, 

CA 90010. 


NEED MONEY? Cash, Loans, Govern- 
ment Grants. 99% eligible no investiga- 
tion. KPA, Box 373-FNM, Woodmere, New 
York 11598. 


ARAB BUSINESSMEN Have Money to 
Buy/ Invest. Top Finders Fees Paid. IMEA, 
187PMI, Box 3574, Newport Beach, CA 
92663. 


FREE MONEY! $300,000,000 Giveaway. 
Grants. ee repay. Details $1.00. Jakla, 
Box 306i 7; Seminole, FL 33542. 


SIGNATURE Loans-Confidential trans- 
actions handled entirely by mail. Details 
Free. NACC-PSI, Box 5399, Torrance, СА 
90503. 


GET VISA and MASTERCARD proven 

фер: positive results GUARANTEED! 
ее Detail, Financial, 535-52, Bellwood, 
1, 60104. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. Euroj 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate, Dept. LM, 4026 W. 
Belvedere Ave., Baltimore, MD 2121: 


SONGWRITERS 
POEMS-SONGS WANTED. Free Pub- 


lishing/ Promotions. Broadway Music, Box 
, Sarasota, FL 33578. 


NONPROFIT foundation helping inven- 
tors over 11 years. Free recording forms. 
Free evaluation. Affiliated Inventors 
Foundation, 501-A Iowa, Colorado Springs, 
CO 80909 or Call 1-800-525. 


REGISTERED PATENT ATTORNEY vill 
evaluate invention, prepare and prosecute 

tent application. Reasonable rates 
Edwin Schindler, 1523 East 4 Street, 
Brooklyn, New York 11230. 


INVENTORS! Can you patent and profit. 
from your idea? Call or write for your free 
information package. Over a decade of 


Service. INVENTORS COR- 
82 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 


8-5656. In Massachusetts or Canada call 
68. 


LEARN how to offer your invention for 
sale or license. Free Booklet. Outlines pro- 
cedures, royalty rates, requirements. Kes- 
sler Sales Corporation, C-7-FI, Fremont, 
OH 43420. 


HOW TO MAKE MONEY with your ideas 
send $3.00. Harley Gilpin, Another Cre- 
ative Product, 13201-1 San Simeon Ct., 
Ventura, CA 9300 


JOHN RI 
ATTORNEY. 1004 Joslyn, Pontiac, 
MI 48055. (313) 858-7977. 


INFORMATIVE BOOKLET! “10 ways to 
protect your ideas without obtaining a 
patent”. $4.50. Fortune Press, Вох 372-PS, 
Agincourt Stn., Scarborogh, Ontario Can- 
ada MIS 3B9. 


INVENTIONS WANTED 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 

TURERS Suite 3615- 
PS, Woolworth Building, New York, NY 
10007. 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free: 
1-800-225-5800. 


Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-528-6050, Canada, 1-800-528-6060, 
X831. Or write: 
INVENTION 


NEW IDEA? American Patent in Wash- 
ington, D.C. will assist you through 
and DEVELOPMENT! Free 

Ki 7-7880. 


HONGKONG factory needs several new 
products for their overseas buyers. Send 
product ideas for royalty evaluation. Can 

roduce exclusively Hongkong Plastic 
Меша! Products Company, Box 69627, 
Kwuntong, Hongkong. 

INVENTORS: If you have an invention 
for sale or licenses, write for free booklet 
explaining how we can help you. Kessler 

Sales Corp. C-7-IW, Freemont, OH 43420. 


TREASURE FINDERS/ 
METAL DETECTORS 
FIND old 1 ld 
New patented revolutionary device. Free 


catalog. Gardiner, 4729L N. 7th Ave., 
Phoenix, AZ 85013. 


Pay For Your Hob 


Metal Detectors 


Call Toll Free: 
1-800-547-6911 


WHITE'S ELECTRONICS 
Dept. PB-6 Sweet Home, OR 97386 


Build This 12- Volt Automa 
GOLD == Machine 


THE FIRST DAY YOU USE IT! 
PLANS & PARTS LIST $5.00 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104, Call 1/800/323-1212 Toll Free 


R HEARING AID: 
PRICE CATALOG FREE 


UPER SAVINGS! Newest. Finest. All 
g types. Buy DIRECT & s UP to HALF! 


by Al ‘on HOME 
WB TRIAL. FREE Catalog. Wee: 


П Moe qarens, 


PSID 9530 Langdon Ave., 


em Cal. 91343 


ENJOY HEARING 


All-in-the-ear Hearing Aid! Nothing 
over, under or behind the ear . . 

no cords, tubes or wires. Simple 
slip-in fit. Full range volume control. 
45 day trial. NO salesman will call. 
Order your free catalog! Write Better 
Hearing today! 


or call 24 hrs./day 
1-800-824-7888 
ask for Operator No. 372 


BETTER HEARING 
Box 569-69T Brookport, IL 62910 


HAIR CARE 


HAIR PIECES 
FREE 24 PAGE CATALOGUE 


Wigs, Toupees, Tapes solvents ladie's or 
men's catalogs, specify. 


Write: TOTAL IMAGE 
10 West Ave, Dept PS-1 
So Norwalk, CT 06884. 


SAVE $$$$ Jute 


Never need a barber again. Superb, 
haircut everytime with ease. 

Back of head is easy too, 
Measures length, cuts, 

|tapers, collects а! oder 
|clins, seif-sharpens 18 

|All automatically! 

| You just pass it over hair. For the price of 4 
|haircuts, get fresh haircut as often as you like] 


You'll look better, you'll fee! better! 
ful money back guarantee, Patent pending 


Free details or mail today $39.95 for haircutter| 
|to: Robocut Co. PS4, 


|н бошо. Go 80525 ше FREE 


KNIFEMAKING SUPPLIES 


MATERIALS FOR CUTLERY 
38 Page Catalog $2.00. Custom Knifemak- 
ers Supply, 308-PS, Emory, Texas 75440. 


TRAILERS & CAMPERS 


BUILD Your Own—Travel Trailer— 
Fifth Wheeler—Motorhome—Camper— 
Pickup Cover Plans Patterns — 
Catalog $1—GLEN.L К. 52PS Rose- 
crans. Box 1804. Bellflower CA 90706. 


ANTIQUES 


MAKE Big $$$ in Antique Cars. Free 
Details. Southside Creations. P.O. Box 696, 
Washington Way, Cliffside, NC 28024. 
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Product In 


rmation 


Booklets, catalogs, and folders listed below provide reliable information, illustrations, and specifications to help you in planning the purchase 
of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage 


Orders will not be processed unless accompanied by the $1 handling fee. For your safety, please do not send cash. 


101 Electric Generators Color literature 
from Ag-Tronic details the features and uses 
of Powermate electric generators. The line 
ranges from 500- to 7,000-watt generators 
— ideal for recreation, construction, and home 
power emergencies. Free 


102 Gardening Tools Тһе 1987 Para- 
mount Power Grooming Tools catalog from 
Allegretti provides product information on Par- 
amount gas and electric power blowers and 
blower accessories, electric string trimmers, 
and electric edgers. Free 


103 Automotive Training The ‘Catalog of 
Training Materials and Clinics" from the Au- 
tomotive Industry Association in cooperation 
with the Automotive Training Managers Coun- 
cil lists more than 2,000 items for technical 
and management training provided by over 
190 manufacturers and publishers. $8 


104 Concrete and Masonry Repair A 
15-page booklet from W. R. Bonsal Co. de- 
tails its line of Sure-Fix concrete and masonry 
repair products. The booklet covers problem 
areas such as patching, resurfacing, anchor- 
ing, grouting, sealing, and much more. Free 


105 Car Paint Repair —Dupli-Color's 18- 
page "Auto Touch-Up Guide" gives step-by- 
step instructions for car paint repair for nicks, 
scrapes, and rust. The company's complete 
product line is listed. Free 


106 Hard-to-Find Products Edmund Sci- 
entific's 60-page catalog contains more than 
1,200 hard-to-find products such as magni- 
fiers, optics, telescopes, microscopes, motors, 
fitness items, and more. Free 


107 Beautiful Basements Finish your 


basement using this 20-page guide from 
Georgia-Pacific. Topics include selecting a 
contractor versus doing it yourself, finishing 
walls, floors, ceilings, and more. $3 


а "FILL IN COUPON AND MAIL TODAY == 


108 Log Splitter Color literature from 
Gregory Co. describes its latest lightweight 
but powerful portable log splitter. It's avail- 
able with а V;-horsepower 100-volt electric 
motor or a TC 300 Tecumseh gasoline two- 
cycle engine. Only 21 inches long, the split- 
ter generates more than 12 tons of splitting 
force, made possible by a totally new hydrau- 
lic system. Free 


109 Home Designs A full-color 112-page 
catalog from Home Planner features 125 con- 
temporary home designs. The unique yet prac- 
tical and economical plans feature sloped 
ceilings, indoor and outdoor balconies, upper- 
level lounges, passive solar glass, and more. 
The designs are for one-, 1'%-, two-story, and 
multi-level houses. Blueprints are available. 
$2.95 


110 Thermostats A four-color pamphlet 
from Hunter Fan Co. describes the features 
and energy-saving benefits of the Energy Mon- 
itor II Plus programmable thermostat. The sys- 
tem installs in just 30 minutes with only a 
screwdriver. Free 


111 Boat Coating Color literature from 
Ideas Inc. tells how the hydrophilic action of 
Sea-Slide drag-reducing overcoat helps sail- 
boats, powerboats, and commercial vessels 
go faster and save fuel. Free 


112 Drywall Repair Literature from P & 
H Products describes how Pro Patch, a drywall 
repair system, can help you easily restore 
drywall damages from one to six inches in 
diameter. 754 


113 Window Technology An eight-page 
pictorial from PPG Industries details the heat- 
saving benefits of “Тһе Intelligent Window," 
made with Sungate 100 coated glass. The 
brochure also gives data about degree-days 
to help you decide how much energy is needed 
to heat and cool your house. Free 


POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 
Note: Poputar Science Massachusetts address is for Product Information only. 
Please send the items checked below. | am enclosing $1 handling charge (any 


number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


114 Ladder Caps Literature from Paint 
Sundries Inc. describes Ladder Guards, rub- 
ber caps that fit on the upper end rails of 
extension ladders. The caps keep the ladder 
from slipping, and prevent the support sur- 
face from being marred. Free 


115 Step Drills A 16-page catalog from 
Petersen Mfg. describes its Unibit Step Drill. 
The drill has a single fluted drill bit, but you 
can drill as many as 13 different-size holes 
by simply counting the steps as they pene- 
trate the wood. Free 


116 South Carolina Vacation Guide А 
64-page full-color catalog from the South Car- 
olina Division of Tourism features the state's 
historic cities, uncrowded beaches, world- 
famous gardens, blue lakes, green mountains, 
and graceful plantations—plus great dining 
spots and shopping locations. Free 


117 Yard Equipment — Snapper Power 
Equipment's color brochure describes its du- 
rable line of walking and riding mowers, lawn 
and garden tractors, front- and rear-tine till- 
ers, snow throwers, and attachments. Free 


118 Turbochargers This booklet from 
Turbo City features OEM factory-replacement 
and add-on turbochargers. It lists the com- 
plete turbocharger line, components, acces- 
sories, and repair costs, including marine 
components and motorcycle kits. $3 


119 Hauling Guide Тһе 15-page “Сиѕ- 
tom Hitch Guide" from U-Haul includes in- 
formation on choosing the right hitch for your 
car, as well as complete trailer-towing acces- 
sories and safety tips. Free 


120 Satellite TV — Winegard's "All You Need 
to Know About Satellite TV" answers the most- 
asked questions about home satellite televi- 
sion. It includes valuable illustrations and a 
glossary of technical terms. Free 


THIS COUPON EXPIRES MARCH 31, 1987 


| AM ENCLOSING 


0 101 0 105 11109 $2.95 П 113 D 117 $— — — — —for priced items 

[1 102 t1 106 1110 14 [1 118 $3 100. tor handi 
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Please send check or money ота made out to POPULAR SCIENCE. 
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roximately six weeks deliver 


POPULAR SCIENCE JANUARY 1987 


the most exciting classes anywhere. 


You'll learn electronics, avionics, aircraft Whatever your goals, the Air Force will 
maintenance, health care sciences, man- equip you with the skills to get where you 
agement or logistics—the Air Force will want to be. 
train you in one of more than 200 technical If you're looking seriously into your 
specialties America needs today. future, Aim High to a future in the Air Force. 

You'll get hands-on experience with the Visit your Air Force recruiter today or call 
latest equipment, and we'll pay 75% of your toll-free 1-800-423-USAF 
tuition for off-duty college courses, to get (in California 
you even further. 1-800-232-USAF). ammua ma 


BIGGEST. WIDEST. 
STRONGEST. 


ND FIRST! Here's the first truck 
ever to win the prestigious Industrial 
Design Excellence Award (IDEA). It's 
loaded with power. Loaded with per- 
formance. And all at our lowest 
Sticker-price. 


BIGGEST CARGO SPACE. Pack it up! With 
the most cargo volume of all leading compact 
trucks, it'll take all you can dish out. Double-wall 
bed construction means twin layers of steel insu- 
late the sleek outside from whatever you throw 
inside. And there's more between-wheel-well 
space than any other pickup in its class. A full 3.4 
feet for those wide loads. 

WIDEST CAB. Size it up. Sit three across with 


the most hip room of all leading standard com- 
pact trucks. Nissan's roomiest cab ever was 


and side glass give you a 
commanding view 
there's more leg, shoulder. 
and head room than you ever 
thought possible. 


STRONGEST ENGINE. Turn it on, it's made 
to perform. A 2.4-liter, fuel-injected engine sees 
to that. Twin-spark plugs and a hemi-head help 
crank out the most horsepower and torque of all 
the leading standard compact trucks. The 5- 
speed is standard 

Independent front suspension, steel-belted 
radials, and rear leaf springs combine to provide 
a smooth, easy ride without sacrificing payload 
The rear brake's proportioning valve automati- 
cally adjusts to payload for improved braking 
under load. The Hardbody 4X2. Works tough. 


designed around you The « enormous windshield Plays rough. See your Nissan Dealer today. 


FOR TOUGHNESS AND VALUE 


THE NAME IS NISSAN 


